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BIOLOGICAL TREATMENT OF DIETARY SUPPLEMENT WASTEWATER 
 
ERICK BUTLER 
ABSTRACT 
Dietary supplement wastewater contains higher order polysaccharides such as the 
complex sugars maltodextrin and low fat milk. These complex sugars contain a 
significant amount of organic carbon; therefore, presence of these sugars can pose 
threats to the environment if discharged without treatment. While many food 
processing plants are required to send their waste through wastewater treatment, 
legislation may require preliminary treatment of these wastes in order to satisfy 
the effluent discharge requirements. Because of the high organic carbon presence, 
it would be preferable to use biological treatment methods to reduce the organics 
present within the system. Microorganisms are capable of degrading organic 
compounds present for the purpose of metabolic processes. Therefore, a series of 
experiments were conducted between the months of May and October 2009 to 
determine the effectiveness of biological degradation of carbon within various 
substrates. 
Preliminary studies were completed between May and July using LLMO (live 
liquid microorganisms) and baker’s yeast to determine the proper substrate 
capable of microorganism synthesis. All analysis of total organic carbon (TOC) 
were performed using a Shimadzu TOC Analyzer. Substrates that were used 
included Kool Aid, Hershey’s Cocoa, Gatorade, flour, potato starch, Slim Fast, 
and Carnation’s Breakfast Essentials; however, Hershey’s Cocoa and Gatorade 
 vi 
were the only substrates that were not used in measuring organic carbon removal. 
The calibration curves for those substrates did not have an R2 value above 0.89 
and therefore were not used for further observations. From preliminary studies, it 
was determined that Carnation Breakfast Essentials and Slim Fast produced the 
highest percent removal of organic carbon. However, Slim Fast was not used due 
to the difficulties of storage.  
The primary experiment conducted between July and October involved a 
comparison between microorganisms and the total organic carbon removal from 
Carnation Breakfast Essentials. Microorganisms involved in the experiment 
included four species of LLMO, store bought baker’s yeast, brewery’s yeast from 
a local brewery, and two Enforcer products (Liquid Drain Care and Toilet Care) 
for septic systems.  
Results determined that LLMO recorded the highest % of total organic carbon 
removal followed by baker’s yeast. Brewer’s yeast and Enforcer septic system 
products were declared ineffective due to the surrounding high concentration of 
high molecular hydrocarbons—brewer’s yeast were collected from fermenting 
beer, Enforcer Liquid Drain Care contains high molecular hydrocarbons, and 
Enforcer Overnight Toilet Care consists of sulfate compounds which inhibit 
reading of organic carbon presence in the samples.  
 
Key Words: Live-liquid Microorganisms, Carnation Breakfast Essentials, Beer 
Yeast, Total Organic Carbon, Enforcer, Baker Yeast, Dietary Supplement 
Wastewater, Bioaugmentation 
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CHAPTER I 
 
INTRODUCTION 
 
Meal supplements are becoming more popular within the realm of American  
 
society as millions every day substitute daily meals for drinks, tablets, and  
 
bars for the purpose of gaining control over food intake. One of the two largest food  
 
manufacturers, Nestle and Unilever, have produced two notorious meal replacement  
 
beverages on the market—Carnation Breakfast Essentials and Slimfast.       
 
 
Unilever‟s Slimfast is a designed meal plan to assist individuals in controlling  
 
caloric intake. It comprises of a meal plan consisting of bars, shakes, and other  
 
Slimfast products that have predetermined nutritional value along with a balance of  
 
healthy meals and snacks. The individual is also encouraged to follow a regular  
 
exercise regiment to coincide with the suggested meal plan. The signature feature of  
 
Slim Fast is hunger control (1).  
 
Slimfast provides many specific products available to provide various 
objectives. For example, a particular subset of the product line includes Optima, a 
series of products including shakes, powders, and meal replacement bars that are 
designed to control hunger up to four hours (2). 
  2 
On the other hand, Nestle Carnation Breakfast Essentials is a product line of 
drinks that are designated for the purpose of providing the essential nutrition 
necessary for a typical breakfast. As compared with Slimfast, Carnation Breakfast 
drinkers typically drink the product as a replacement for breakfast only and does not 
coincide with associated steps for weight loss. In fact, Carnation Breakfast is 
popularized as a drink for individuals who may desire to receive the caloric value of a 
meal, but may not have time to either prepare or ingest a traditional breakfast. 
Carnation Breakfast Essentials have products in powder and liquid forms. 
With the increasing amount of production of these meal replacement 
beverages, meal replacement can produce a lot of waste. The sources for the waste 
can include the various food manufacturing plants in production and also consumers 
disposing of product that is unused, undesired, or expired. Therefore, it is essential for 
proper understanding of a meal replacement drink waste.  
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CHAPTER II 
 
OBJECTIVES 
 
The purpose of the thesis is to investigate the percentage removal of organic 
material from the preparation of a synthetic wastewater by simulating an activated 
sludge aeration tank. There are three major objectives involved in this experiment: 
1. The thesis will address proper selection of a substrate that will encourage 
microbial synthesis. 
2. Once chosen the proper microbes, the thesis will analyze the removal 
efficiency by various types of microorganisms (septic system products, 
LLMO, and two types of yeast) and clay adsorption to use substrate and 
remove from the synthetic wastewater. 
3. Analyze removal efficiency based on the dose of wastewater, organic 
carbon concentration of the substrate, and detention time. 
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CHAPTER III 
 LITERATURE REVIEW 
3.1 Definition of Food processing waste 
Food processing waste can be defined as resultant waste from the food 
industry, developed from the preparation and processing of food (3). Each food 
industry consists of very diverse wastes produced from various food processing 
methods.  For example, the dairy industry produces whole milk and whey, while cane 
sugar production involves evaporation and additional extraction from spilled product 
(4).  
Russ and Schanppiner mention additional sources of food processing waste. 
They discuss a parameter known as the specific waste index (SWI), a matrix that 
assigns the waste from each food processing industry a value contingent on an typical 
range of waste present in a given food processing plant. For example, the highest 
waste in grain processing plants is from bran and rice bran, with these wastes 
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producing a specific waste index between 0.11 and 0.18, while whey in the diary 
processing waste has a SWI between 4 and 11.3 (5). 
However, the major component of food processing wastes is water. According 
to Manyele and Samuel, water has a significant role in food processing, as processes 
such as food cleaning, sanitation, peeling, cooking, and cleaning require the use of 
water. Therefore, the majority of food processing waste treatment will involve the 
treatment of wastes in liquid form (4). 
Food processing wastes have unique characteristics as compared with other 
waste types. These include high pH, suspended solids, biological oxygen demand, 
and dissolved organic matter. Hansen and Hwang state that food processing waste 
produces the highest concentration of BOD5 and TSS—dairy wastewater consists of a 
concentration of BOD5 of 1000-4000 mg/L, while TSS from fruit wastewater 
treatment ranges between 2500-6700 mg/L. In fact, municipal wastewater typical 
characteristics consist of a range between 100 and 300 mg/L BOD and 100-500 mg/L 
TSS (6). In addition, Goncalves et al states that 40% of all organic wastes have an 
origin within the food processing industry (7). The reason behind such significant 
waste production is because of the constituents found in food processing waste. These 
include the presence of carbohydrates—including sugars, proteins, fats, and mineral 
salts (3). 
According to Oh and Logan, there are approximately 20,000 food processing 
plants throughout the United States (8). It is estimated that the plants produce a total 
of 1.4 billion liters of wastewater. While the waste has been considered „healthy‟ as 
there are no significant toxic or hazardous materials present, there is a requirement 
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that food processing plants wastewater to undergo prior treatment before entering into 
a municipal treatment plant system (6).  
Because of the characteristics of food processing wastewater, treatment is 
essential for the prevention of microorganism growth (3). Many industries of food 
production fail to adhere to practical treatment methods and insist on a discharging 
effluent directly into the stream, where the desired result is a dilution of waste by the 
stream due to constant mixing of water. 
On the contrary, the presence of food processing waste increases the organic 
material necessary for microbial growth. When waste enters streams, it can develop 
anoxic conditions—the concentration of readily dissolved oxygen will be reduced, 
and therefore decreases the viability of various fish and other aquatic animal presence 
within a healthy stream (3). The anoxic conditions will become a feeding ground for 
smaller microorganisms that can thrive in adverse conditions.  
3.2. Legislation 
As duly noted, the Environmental Protection Agency has developed a series of 
legislation that requires the treatment of food processing wastes prior to entrance into 
a municipal treatment plant. Historically, the EPA has developed legislation for the 
purpose of wastewater treatment plant design. Beginning in 1948, the Federal Water 
Pollution Control Act was the first of a series of amendments that would attempt to 
enhance country awareness for maintaining strong water resources by the 
development of a national policy for water in prevention, control, and treatment. 
Eight years later, the legislation was amended to extend responsibility to the States 
(9).  
  7 
The Water Quality Act of 1965 developed water quality standards enforceable 
at the state and federal levels. Reporting of maintaining water quality standards was 
mandated with a punishable fine of $100 for the failure of water quality standard 
reporting as developed in the Clean Water Restoration Act of 1966. In 1970 the 
Water Quality Improvement Act of 1970 extended federal authority and also provided 
a certification procedure for state implementation (9). 
 In 1972, the Federal Water Pollution Control Act developed regulation for 
pollutants in water bodies specifically in effluent discharge. The amendment was 
redeveloped five years later and became known as the Clean Water Act. The Clean 
Water Act established a program for pollution control, specifically wastewater 
standards. In addition, the Clean Water Act developed the National Pollution 
Discharge Elimination System (NPDES), a program that required municipal, 
industrial, and other major facilities to obtain a permit prior to discharge into surface 
waters (10). 
 There are several typical wastewater treatment methods that are used by in 
order to reduce the amount of constituents within each processing wastewater type. 
Hansen and Hwang mention there are several methods of handling food processing 
waste. The methods include physical separation, chemical addition such as lime, 
alum, and polymer, the design of screens by the flow of wastewater entering the 
screens, pumping, and an equalizing tank in order to store the wastewater that will 
either be recycled or reused in further plant processing (6). 
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3.3 Food Wastewater Treatment Processes 
When food processing wastewater is being treated, treatment applications 
used include physical, biological, or chemical, or land application. 
In addition to the use of food processing waste handling, many authors have 
proposed the use of conventional biological wastewater treatment methods. However, 
many authors have suggested the combination of treatment methods used for 
secondary and tertiary treatment. 
Several authors have conducted experiments using food processing 
wastewater in the use of secondary and tertiary treatment practices such as anaerobic 
digestion, upflow stage anaeorbic blanket process (USAB), anaerobic sequencing 
bactch reactors (ASBR), membrane bioreactors, anaeorbic fermenation, and fluidized 
bed biological reactor (FBBR). 
Wang defines anaerobic digestion as the procedure that converts organic 
material in the absence of oxygen into biogas, a combination of methane and carbon 
dioxode. Potential production of biogas can range between 50% and 60% by volume. 
Ten to sixteen percent of typical application is used in the production of electricity. It 
is a favorable treatment of food processing wastes because of its ability to handle high 
moisture content and its ability to destroy pathogens and remove pollutants (11). 
Second, the upflow anaerobic sludge blanket process is a second type of 
process used in order to process food wastes. Developed in the Netherlands to 
treatment industrial wastes, the UASB process has the ability to withstand high 
organic loads between 4-12 kg COD/m
3
d, maintaining a hydraulic detention time 
within 4 to 12 hours (12). The tolerance of high volumetric COD develops the 
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formation of granulated sludge floc. Upflow anaerobic sludge blanket process has 
wastewater traveling and distributed into the sludge blanket. Separation is made 
between formed gas from anaerobic process and the treated waste in effluent. For 
better efficiency, additional units added to the UASB include the addition of 
sedimentation tank or the addition of packing material (13). A similar reactor, the 
anaerobic sequencing batch reactor (ASBR) consists of similar constituents as an 
UASB; however, the ASBR uses a batch method (12). 
Gohil and Nakhla have produced literature that indicates that Upflow 
Anaerobic Sludge Blanket Reactors under mesophilic conditions were considered 
because of low energy requirement, low sludge production, and the resultant methane 
from anaerobic processes can be used as an alternative source for energy (14). 
Blonskaja and Vaalu mention additional advantages of anaerobic processes from food 
processing wastewater include low capital costs, and no oxygen requirement (15). 
Gohil and Nakhla conducted a study using an upflow anaerobic sludge blanket 
process involving waste from a tomato canning company. The waste consisted of 
peeled, raw tomatoes, and condensate. Three separate systems were installed in the 
experiment—USAB, anoxic and aeration tanks. There are three operation 
parameters—the first parameter lasted for 38 days with a hydraulic retention time 
(HRT) of 5.3 days with a solids retention time (SRT) of 100 d. The second operation 
parameter began at day 38 and lasted to day 200 and consisted of an HRT of 2.66 
days, 100 days for the SRT of the UASB, and 20 days for the SRT of the aerobic 
tank. Finally, operation condition three ranged between 200 and 250 days with a HRT 
of 1.75 days for the UASB, SRT of 65 days for the UASB and 17.6 days for the 
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aerobic tank. The initial pH value ranged between 6.5 and 7.2. The experiment 
measured conditions such as total and soluble COD, nitrogen components expressed 
as nitrogen (NH4-N, NO3-N, NO2-N, and TKN), phosphates, pH, biogas 
measurements, and volatile fatty acids (VFA) (14). 
 The results concluded that from that in food processing wastes between COD 
and organic loading rates (OLR). For example, when the OLR increased from 2.9 to 
7.75 kg COD/m
3
 d, the COD increased from 93.6% to 95.6%. In addition, the 
biological oxygen demand (BOD5) recorded a removal between 95% and 99%, where 
in operation parameter 2, the removal concentration ranged between 6-55 mg/L. Total 
Suspended Solids (TSS) prior to entering into the USAB during days 74-156 ranged 
between 400-1780 mg/L and was reduced to 20 mg/L following exit from the aerobic 
system and recorded an average of 19.26 mg/L during days 180-250 for effluent 
leaving the anoxic tank. Finally, nitrogen components were reduced to 85% for NH3, 
and 50% removal of NO3 (14). 
Fourth, the membrane bioreactor has become a prevalent proponent in the 
treatment of food processing wastes within the last twenty years (16). The process of 
membrane bioreactor is very similar to conventional biological wastewater treatment, 
however the process removes the use of clarification tanks and is replaced with the 
aeration tank and membranes. There are two ways that develop the membrane 
bioreactor system. The first system places the membrane adjacent to the activated 
sludge tank where the flow from the tank would be transferred through the 
membrane. Effleunt from the activated sludge tank would travel at high velocities 
supplied by pumps to reduce build-up of materials from the previous process (16).  
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Metcalf and Eddy explains that the membrane bioreactor has several 
advantages. First, higher volumetric loading rates results in short hydraulic retention 
times. Second, sludge produced is reduced due to shorter solid retention time (SRT). 
However, if solid retention time increase and dissolved oxygen concentration 
decrease, dentrification-nitrification processes can occur. Fourth, the treatment 
process allows for the development of low turbidity, TSS, and BOD effluent. Finally, 
the shape of the membrane bioreactor reduces the amount of space necessary for 
wastewater treatment (13). 
The second system consists of submerging the membrane into the activated 
sludge tank, a process known as the submerged membrane bioreactor. This bioreactor 
places the membrane into the activated sludge tank for the purpose of reducing 
energy requirements. Instead of using pumps, the bioreactor would create flow across 
the membrane by means of low-pressure air diffusion (17). 
Fifth, anaerobic fermentation has been suggested by Yang et al. because of its 
ability to produce hydrogen as a reliable source of energy (18). Fermentation begins 
with the conversion of sugars such as glucose into pyruvate acid. Following the 
formation of pyruvic acid, the acid is converted into aldehyde and concludes with the 
formation of ethyl alcohol. Fermentation produces ethyl alcohol and carbon dioxide 
(19). Oh and Logan have also provided experiments using wastewater treatment in 
order to produce hydrogen production, reducing the reliance of natural gas, 
napthenes, coals, and fuels to produce hydrogen. The authors mention that for every 
four moles of hydrogen are produced for every mole/L of glucose converted (8). 
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 Finally, fluidized bed biological reactors (FBBR) is a series of reactors that 
consists of a biofilm that grows on suspended particle carriers made of sand, 
anthracite, and activated carbon. The particle carriers, also known as bioparticles, are 
retained within the reactor and are recycled from the recirculator.  Whenever the 
bioparticles increase in size, the height of the bed increases. Excess biomass material 
is discharged and the carrier particles are recycled back into the system. The most 
common is the two-phased FBBR, although the three-phase system is becoming the 
reactor of choice (20). 
 
  3.4 Biological Waste Treatment 
  3.4.1 Activated Sludge 
In activated sludge treatment, waste enters into an aeration tank consisting of 
microorganisms and organic material. Air is supplied through aeration at the bottom 
of the tank and assists as a catalyst in providing the necessary adhesion between the 
wastewater and the microorganisms.  Following presence in the aeration tank, the 
wastewater and microorganisms (mixed liquor) are transferred into a clarifying tank 
where sludge forms and is settled at the bottom of the tank. A portion of the sludge 
transfers back into the aeration tank for the purpose of supplying microorganisms 
(12).  
There are several types of activated sludge processes. The conventional 
activated sludge process consists of an elongated rectangular tank with one side 
consisting of air diffusers for the purpose of mixing influent wastewater and 
suspended microorganisms. Second, step-aeration activated sludge consists of a 
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similar process, with the modification of having multiple points of entry for the 
wastewater within the tank for the purpose of providing suitable conditions for 
aerobic treatment. Third, contact stabilization has the return sludge produced from the 
sedimentation tank enter into a separate tank for reaeration and then applied back to 
the aeration tank. Finally, the extended aeration process, the use of an oxidation ditch 
for the purpose of lengthening aeration beyond the conventional 24 hour time frame 
(21). Within extended aeration, primary clarifiers for settling and formation of sludge 
are removed, while an oval channel is dug for the purpose of receiving influent, and 
through mechanical aeration and mixing devices, activated sludge and wastewater are 
combined. Activated sludge is returned back into the system and the process is 
repeated (13). 
 
3.4.2 Trickling Filters 
An alternative to activated sludge is the use of a trickling filter. A trickling 
filter is an attached growth biological process where microorganisms are attached to a 
fixed medium. Fixed medium consists of materials including crushed rock, plastic-
sheet packing, and random plastic packing. As wastewater is transported throughout 
the trickling filter, the organic material attaches to the medium, encouraging 
microbial growth. Air is transferred from the outside air and recycled throughout the 
filter (21). 
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3.4.3. Stabilization Ponds 
Liu defines a stabilization pond as a basin that contains a wastewater flow 
with a specified retention time and discharged when effluent meets appropriate 
standards. Examples of stabilization ponds include aerobic, anaerobic, facultative, 
aerated, and maturation ponds (22). A facultative pond is one of the most common 
types of stabilization ponds. The facultative pond is an engineered basin consisting of 
shallow water for the purpose of waste treatment, particularly in small rural 
communities. 
The constituents within facultative ponds are three layers—surface zone, 
anaerobic-aerobic layers, and anaerobic layer (23). Within the surface zone, algae and 
bacteria thrive, transferring oxygen from both the atmosphere and also from the 
photosynthetic processes that occur within the water layer (24) to the anaerobic-
aerobic layer. There are two thriving algae species present within facultative ponds—
water hyacinths (Eicchornea cassipes) and duckweed species (Lemna, Spirodela, and 
Wolfiella), while the bacteria species include Beggiatoa alba, Archromobacter, and 
Pseudomonas (25). The successive layer, the anaerobic-aerobic layer consists of 
facultative bacteria. Finally, the anaerobic layer includes sludge decomposition by 
anaerobic bacteria (23). Facultative ponds are divided into cells, compartments that 
handle wastewater treatment. Design calculations determine the number of cells 
present within a facultative pond.  
The Environmental Protection Agency explains that temperature inversion can 
occur in both the spring and fall seasons because there is a tendency for the density of 
the surface layer is greater than the remaining two layers of the ponds. During the 
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daytime, algae convert carbon dioxide from the water and release generated oxygen 
into the atmosphere. The effectiveness of facultative ponds is determined by the 
presence of oxygen released from the pond. During nicer days of the year, the 
presence of oxygen is nearly at saturation, while during the night one will notice that 
the amount of oxygen will be lowered significantly due to the lack of photosynthesis 
production (26). 
Facultative ponds are typically designed in order to remove BOD and have a 
tendency to provide nitrogen removal by the means of dentirification processes (24). 
However, because using microorganisms, there are limits in the TSS removal (27) 
where TSS removal occurs within the primary cell of the pond. Traditional 
characteristics of facultative ponds include a depth between 1.2 and 2.5 m, and 
detention times between 80 and 180 days (24).  
The EPA has developed significant criteria based on the location of the 
facultative ponds. The most popular design method is the Wehner and Wilhelm 
equation, developed in 1956 assumes plug-flow, completely-mix conditions (25). 
Within the equations significant include the influent/effluent BOD, rate constant, 
hydraulic residence time, and dispersion constant that assess length, width, and depth 
of the pond. Later in 1976, Gloyna proposed an equation of a facultative pond design 
based on the BOD/COD demand, temperature, and flow rate (24).  Reasons for 
having a variety of facultative ponds is because of location. Location determines the 
loading rates of ponds. For example, loading rates produced BOD5 rates between 40 
and 50 lb/ac d at temperatures greater than 59 degrees Fahrenheit. However, expected 
loading rates produce a range between 20 and 40 lb/ac d. Therefore, one can expect 
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high efficiency year round in southern and western climates within the United States 
(24). 
 
3.4.4.  Aerobic Ponds 
An aerobic pond is defined as a pond that receives sunlight throughout the 
entire pond as photosynthesis within the pond. Similar to facultative ponds, aerobic 
ponds produce high concentrations of oxygen, where the stabilization of aerobic 
ponds is through the presence of bacteria (28). Aerobic ponds range between 0.3 to 
0.6 m and a hydraulic retention time between 3 and 5 days (25) with a BOD5 loading 
between 40 and 120 kg/ha d (12). Crites mentions that there are two major types of 
aerboic ponds—partially-mixed, where the purpose of the pond is to provide adequate 
oxygen supply without the purpose of attempting to suspend solids, while design 
considers first-order kinetics (24). On the other hand, completely mixed aerobic 
ponds are designed in with a large basin as compared to reinforced concrete. Within 
the completely mixed aerated pond, solids are recycled and suspension is created due 
to the use of aeration (13). Whenever aerobic ponds are used, many times a series of 
systems can combine both completely and partially mixed cells in one aerobic pond 
(23).  
3.4.5. Anaerobic Pond 
 An anaerobic pond is a pond that consists of a large, deep structure within the 
earth, void of dissolved oxygen. The purpose of anaerobic pond is to stabilize high 
concentration of organic material (24) where the best application of anaerobic pond 
used in high industrial wastewater and as a pre-treatment to municipal wastewater 
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treatment. Usually, anaerobic lagoons are added in succession with aerobic or 
facultative ponds (29). Within the anaerobic ponds, the hydraulic detention time 
ranges between 20 and 50 days, a depth between 5 and 10 m (13), and a BOD5 
loading rate between 200 and 500 kg/ha d . In addition, anaerobic ponds are more 
effective at temperatures between 25 and 40 degrees Celsius, where treatment is 
unacceptable below 15 degrees Celsius (29). 
The purpose of using anaerobic pond is to degrade carbohydrates into acids 
such as acetic, propionic, butyric by acid formers or acid producers. Following acid 
forming bacteria, anaerobic (methanogenic) bacteria convert formed acids into 
acetate, hydrogen gas, and carbon dioxide into methane gas as an intermediate step. 
Following this step, acetate, hydrogen gas, and carbon dioxide are finally transform 
into methane gas (26).  Anaerobic ponds can have a cover with an insulated 
membrane providing a collection area for biogas (30). 
 The following summaries the process for anaerobic pond treatment. 
Wastewater transfer into a lagoon into the settled bed of biosludge. Within the 
biosludge, there is typically a decrease in bioactivity. Near the entrance of the pond 
biogas produced from anaerobic process is sent to the biosludge bed for the purpose 
of mixing. Internal mixers are also applied within the system and the possibly to 
recycle sludge throughout the pond. At the exit of the pond is a clarification zone for 
the purpose of reducing suspended solids (30). Anaerobic pond effluent is not suitable 
for direct entry into receiving body waters because of the products developed 
following treatment (29). 
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3.5. Microorganisms and Adsorption 
3.5.1. Yeast 
 Since federal regulations administer strong opposition to the constituents 
exiting the effluent from food processing plants, there are two major organisms 
involved with the treatment of food processing waste—yeast and bacteria. Materials 
that are unsuitable for larger organisms are easily used by the two organisms. Yeast is 
a fungi (non-photosynthetic plant) that is becoming popular in food processing waste 
treatment (22).  
Kurtzman defines yeast as a unicellular, organism that reproduces through 
fission and budding. There are two major categories of yeasts—ascopores and 
basidiospore. The difference between the two yeast types is in the form of shapes. 
Ascopores usually form hat, spheroidal, and elliptical shapes, while basidiospores are 
elliptical or elongated.  The food processing industry uses two major forms of yeast 
applied in treatment—brewer and baker yeast (31). 
 Russell and Russell describe yeast as consisting of the use of yeast strains for 
the purpose of alcohol fermentation. The use of yeast for the industry can be traced by 
as far as 1837 when Cagniard-Latour incorporated yeast strains within the brewing 
industry. From Cagnird-Latour‟s research Schwann in 1839 began to observe that 
sugar is a necessary substrate in order for fermentation by yeast. In 1857, Louis 
Pasteur perfected the process by using a strain of yeast known as Saccharobacillus 
pastorianus. Finally, in 1897, Buchner was able to successful ferment glucose and 
others sugars into carbon dioxide and ethanol (32). 
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 Baker‟s yeast (Saccharobaillus cerevisiae) is in two major forms—
compressed baker‟s yeast consists of 27-34% by weight in block form. Dried yeast 
has two major forms—active and instant dry yeast. The difference in dry yeast in 
their moisture contents. Active dry yeast, irregular shaped particles, is 6-8% moisture, 
while instant dry yeast consists of small rocks and 4-6% moisture content (31). 
 Today, there are two major yeast strains that are used within the brewing 
industry--Saccharobacillus uvarum (carlsbergensis) and S. cerevisiae [also used as 
baker‟s yeast]. Previous studies have indicated that the various yeast strains are able 
to ferment various sugars, typically at thermophilic temperatures. The maximum 
temperature for fermentation by S. uvarum is at 38 degrees Celsius, while 
S..cerevisiae ferments at a maximum of 34 degrees Celsius. Sugars typically 
fermented by S. cerevisiae include glucose, fructose, mannose, galactose, sucrose, 
maltiose, and raffinose, a list of sugars that are found within the beer wort, a malt, 
water, sugar, and other ingredient mixture formed prior to fermentation. Overall, 
Stewart and Russell concluded that strains used for the fermentation of alcohol, 
glucose was removed quickly within a twenty-four hour time frame, followed by 
maltose and maltotriose. The least removed constituent was dextrin (32). 
 
3.5.2 Bacteria 
Schroeder defines bacteria as a prokaryotic cell comprising of 50% carbon, 
20% oxygen, and 14% nitrogen. The bacterium consists of a cytoplasmic membrane 
that houses ribonucleic acid, starch, glycogen, and inorganic material. The purpose of 
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the cytoplasmic membrane is for survival and enzymatic activity. In addition, the 
bacterium has a 10-80 micrometer thick cell wall (33).  
Identifying the various type of bacteria are contingent on their shape and 
energy synthesis. Liu recognizes that there are three major shape of bacteria—
spherical, straight/rod shaped, and spiral. Typical bacteria can have a size range 
between 0.5 and 5 micrometers (34).  
Since the primary objective of bacteria is to reduce the amount of organics 
present within wastewater, energy synthesis plays an important role in classifying 
bacteria types. There are two major divisions in bacteria species—heterotrophs and 
autotrophs. Heterotrophs use organic material as the source of electron donors, while 
autotrophic bacteria are a type of bacteria that use inorganic electron donor acceptors 
for survival (20). Autotrophic bacteria include nitrifiers, bacteria able to convert 
nitrite-N into ammonia-N (20).   
Oxygen presence is an additional attribute that determines the type of bacteria 
present. Aerobic bacteria can only survive within an oxygen-rich environment; 
anaerobic bacteria can only survive during the absence of oxygen; facultative bacteria 
are a series of bacteria that have the ability to survive in both anaerobic and aerobic 
environments. Facultative bacteria are more ideal for use in wastewater treatment 
plants because of their survival in oxygen present and absence climates (35).  
Grey describes the Monod growth consists of five major steps in which 
species of bacteria undergo in wastewater treatment. First, bacteria begin with a 
lag/accumulation phase. Growth is stagnant where bacteria are becoming acclimated 
with the conditions and the substrate present in the system. Next, log phase, indicates 
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the highest growth rate in the system. Bacteria continue to grow with the increasing 
presence of substrate. If conditions are unfavorable based on the constituents of 
bacteria such as low pH and oxygen, bacteria growth rate begins to decline. As the 
oxygen rate decreases, toxins begin to form developing a stationary growth rate. 
Finally, bacteria will die in the concluding phase known as endogenous/log phase 
(35). 
 
3.5.3 Bioaugmentation  
Bioaugmentation is the application of additional microorganisms in a system. 
Bioaugmentation is in the subset of bioremediation that attempts to remove pollutants 
from the environment (36). The primary microorganisms included in the system are 
bacteria and fungi. Bioaugmented materials consist of either single strains or multiple 
cultures dried and solution is applied to the strains. Following preparation of 
bioaugmented materials, the strains and or cultures are then selected for their desired 
purpose. In order to fulfill their development, Forsynth et al states that the materials 
will undergo prcoess of adaptation and mutogenesis. And if necessary, the prepared 
cultures are combined with commercial additives (37).         
Author Voegel discusses that there are four major classes of 
bioaugmentation—the natural class comprises the first two classes of 
bioaugmentation, a class that are not developed from laboratory cultures, but are 
applied for the desired treatment through the use of adaptation or in vitro mutation. 
The third class has been considered a class of microorganisms selected for the 
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purpose of reducing specific organic compounds. The final class considers the use of 
various genetic strains (38). 
The majority of application for bioaugmentation is in-situ treatment. The most 
recognized bioaugmentation application began during the Exxon Valdez Oil Spill 
when microorganisms were applied for the degradation of hydrocarbons produced 
from industrial wastewater (36). Currently, there are several additional applications of 
bioaugmentation for remediation. First, bioaugmentation is applied for groundwater 
remediation. When contaminants infiltrate through the soils and into aquifers, organic 
matter and non-aqueous phase liquids (NAPL) are deposited into the groundwater. 
Groundwater movement occurs through the aquifer transporting the materials, 
ultimately surfacing to wells (39). 
Second, bioaugmentation is applied to soil contamination. Within soil, the 
organic properties of soil refute the ability to generate contaminant analysis. This is 
because of the dissolution of contaminants within water particles and in the soil (40). 
Important parameters involved within soil contamination include molecular weight, 
vapor pressure, and chemical composition (41).   Biosparging is the major source of 
air in the soil. By using air compressors and blowers biosparging is applied for the 
purpose of increasing microbial activity. Sometimes air is combined with hydrogen 
peroxide (36). Alternative methods of generating microbial activity include plough 
and tilling the soil forming soil mixtures (42).   
Third, bioaugmentation is used for the purpose of treating hazardous waste. 
When applied in the system, microorganisms are successful in using the substances of 
hazardous wastes for metabolic processes. Additional advantages of using hazardous 
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waste is cometabolizing, a process in which microorganisms are able to degrade 
materials without the use of developing metabolic processes (43). 
Fourth, biouagmentation has been applied to industrial wastewater treatment 
for the purpose of reducing chloroaromatics. For example, Phanerochaete 
Chrysosporidium have been used for the purpose of reducing toxicity and also lipid 
content in olive mill wastewater. Additional parameters involving treatment within 
industrial wastewater include the application of methanogenic bacteria for the 
purpose of odor reduction in aerobic transformation (44). 
Finally, bioaugmentation has been applied to municipal wastewater treatment. 
The purpose of biouagmentation in municipal wastewater treatment is to prepare 
additional bacteria necessary for increasing current species present within wastewater 
treatment. With a higher density of bacteria present in a given system, filamentous 
bacteria development is reduced. The filamentous bacteria production has been 
attributed to the reduced production of mixed liquor volatile suspended solid 
[MLVSS] (44). 
Specific examples of municipal wastewater bacteria include coli-aerogens, a 
series of bacteria found in fecal waste of human beings are capable of utilizing 
reducing nutrients. Also, Cellumonas, a type of saprophytic bacteria producing exo-
enzymes that convert glucose into sucrose, are also capable of reducing substrate 
levels such as cBOD, lipids, carbohydrates, and proteins (44).   
Historically, bioaugmentation has been an important process for the last three 
billion years as bacteria culture degradation. Within the scientific community, Pier 
Antonia Micheli in 1729 conducted fungal species using fruit as a substrate. Micheli‟s 
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experiments formed the theory of degradation by microbes. During the 1860s, Louis 
Pasteur discovered that fermentation can be achieved by microorganisms from the air 
(45).   
Notable scientific experiments such as the one developed by John Lister in 
1878 by means of growing microorganisms on a gelatin through the use of a platinum 
wire sterilized by a flame. Other scientists John Tyndall and Ferdinand Cohn were 
important in the development in bioaugmentation. Nevertheless, the work of these 
scientists produced the enrichment culture, the process of selecting favorable 
conditions in order to generate a desired bacteria culture (45). 
Author Alan Scragg suggested that there are four major reasons as to when 
bioagumentation such be applied. First, Scragg suggest that whenever the bacteria 
count has decreased to less than 10
5
.  Bacteria count is important because there is a 
correlation between the reduction of contaminants and the growth rate. Second, 
whenever waste is complex it is important to use in order to reduce toxic non-
biodegradable material. Third, bioaugmentation is able to increase the speed of waste 
removal in half. Finally, Scragg states that there is a sense of security in the use of 
indigenous population already present at work in the desired environment (36). 
While bioaugmentation has great benefits, Devinny and Chang discusses that 
there are four major problems associated with the use of bioaugmentation. First, 
produced cultures require evaluation of temperature, pH, water and soil presence. It is 
very important to consider these factors for the success rate of bioaugmented cultures 
since they will be applied to the respected media as compared to their initial presence 
within liquid media. Second, application in the media, specifically in soil, the 
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produced cultures can be subject to predation and competition with other native 
microorganisms. Third, microorganisms require specific substrate levels necessary to 
maintain bioaugmented microorganisms. Without substrate, microorganisms are 
unable to maintain their efficiency. Finally, substrate levels may not be reduced by 
microorganisms due to the lack of dispersion in media such as within soil (46). 
 
3.5.4 Adsorption 
Adsorption is defined as the accumulation of matter at the solid/liquid 
interface by means of electrostatic properties of settling and reactivity. Adsorption 
consists of inorganic colloids such as clay and activated carbon. There are two major 
types of adsorption—physical and chemisorption. Physical adsorption is defined as 
the attachment of the adsorbent to the adsorbate by means of van der Waals forces. 
Chemisorption is the sharing of electrons and the release of a quantity of heat during 
this process (47). 
Hines and Maddox recognize that there are three major empirical models popularized 
in adsorption—Langumir, Freundlich, and BET. To summarize the Langumir model, 
(1911) it can be described as the monolayer attachment of gas molecules on an open 
surface. In order to develop a Langumir model first the activities need to be similar on 
all sites on the solid. Second, there is no interaction between the adsorbents. Third, 
adsorption is consistent for all adsorbents. Fourth, the Langumir will only obtain a 
monolayer (47). 
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Fruendlich Isotherm is the second empirical model used. Many familiar with 
adsorption techniques recognize that this isotherm is the more common applied. The 
following is the equation summarizing the isotherm: 
q = KC
1/n
     [1]      (47) 
where 
q = adsorbate uptake 
C = adsorbate equilibrium concentration 
K = abdsorbent-adsorbate constant 
The third isotherm, BET, was developed by Brunauer et al in 1933. BET 
isotherm is an expansion of the Langumir isotherm applied to multi-layers. To 
summarize, the BET isotherm is defined as the heat of adsorption in the first layer 
release heat, while in the subsequent layers, the heat of adsorption is equal to the heat 
of condensation (47). 
 
3.5.4.1 Activated Carbon 
Activated carbon is produced from various carbon forms. Typically activated 
carbon is a heterogeneous mixture of coal, wood, and coconut shells. Construction of 
the material is a series of tiny pores space and a large surface, ranging from 500 to 
1500 m
2
/g. Cooney mentions that there are typically two forms of activated carbon in 
wastewater treatment; these include granular and activated forms (48).  
Granular forms of activated carbon form a packed bed inside a cylindrical steel 
vessel. Vessels are positions either in parallel or series, while the flow of the 
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wastewater travels by either downward pressure or gravity-driven forces in each 
vessel beginning with the first vessel (48).  
         
 
3.5.4.2 Clay 
Natural clay and also bentonites exemplify various types of clays used during 
adsorption. The reason behind the use of clay is because of its high sorption capacity. 
Volzone recorded previous researched conduction on the adsorption of chromium by 
the use of clay. According to the author, the major factors effecting the adsorbing 
capabilities of clay to remove chromium are pH, the content of soil, temperature, 
concentration and strength of the ions, and the cation exchange capacity. Other heavy 
metals such as Pb carbonates are contingent on the metal concentration, while 
kaolinite removed within aqueous solutions reported an the following order of 
removal efficiency: Cu>Ni>Co>Mn (49). 
 
3.6 Overview of the Brewing Process 
The brewing process is a series of individual unit operations for the purpose of 
creating the beverage. According to author Hardwick, there are twelve major steps 
involved in beer processing—malting, miling, mashing, lautering, wort boiling, wort 
cooling/trub removal, wort aeration/yeast pitching, fermentation, yeast removal, 
aging, finishing, and packaging (50). 
First, malting is a necessary process needed to develop the transformation of 
barley for acceptable beer making processes. As a cereal grain, non-malted barley is 
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incapable of providing not only the required enzymes but also the color of typical 
beer. Within malting, there are five major processes needed—preparation and storage, 
steeping, germination, and kilning (51).  
Before undergoing the malting process, barley is stored within a series of 
conical shaped structures known as silos. These silos are capable of holding 5000 tons 
of barley for a time period greater than fifteen months. During storage, barley 
constantly receives treatment such as removal for the purpose of providing aeration 
and also is cleaned by fumigation process to remove insects from the barley (51). 
Separation of barley provides the necessary techniques to removal improper 
constituents that are lower than the size of barley. Successful barley separation is 
possible only by means of rotating cylinders that contain indents on the cylinders 
sized for the kernels that are smaller than the size of barley. Following entrance into 
the indents within the rotating cylinders, the kernels that are not equivalent to barley 
are sent to a trough. After barley separation, the remaining grains of barley are then 
organized by grading. Grading is a simple sieving process—predetermined slots for 
the barley has been set and any inappropriately sized barley will fall through the slots 
and then will repeat sieving once again. This is completed for the purpose of selecting 
the proper barley for malting. From then, barley is then transported by elevators or 
conveyer belts for steeping (51). 
The steeping process is when the barley is a process that soaks the barley in 
water provided by air for a time period between 40 and 50 hours and then cooled for 
another 3 to 5 years while the barley begins to germinate. Barley germination is when 
the embryo within the barley begins growth, forming shoots and roots allowing the 
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initial formation of enzymes. Finally, kilning provides the necessary application of 
heat for the purpose of finalizing the constituents of the developed malt (51). 
 After the malting, the malt will go through a series of mechanical processes 
that are designed to allow exposure of endosperm to water. Endosperm exposure to 
water is completed for two reasons—first the exposure reduces the amount of 
considerable damage to the husk and wort separation process and also preparation for 
the mashing process in order to allow the starch removal by enzymes (52). Overall, 
the milling process produces grist, a grain consisting of gritty flour (53). Included in 
the process is to reduce the size of particles present within the entering malt. Milling 
is developed in a dry milling process (52). A specific type of milling includes rolling 
mills for the purpose of crushing the grains (51) but maintaining the husk as a whole 
for later processes (54). 
After milling, the developed grist is then transported for mashing. Mashing 
takes the starch from malt converting into sugars and then by means of yeast 
fermentation into alcohol. The yeast present during the mashing process is capable of 
alcohol transformation due to the degradation of proteins into amino acids. With the 
preparation of amino acids, the yeast is provided to necessary nutrition needed for the 
purpose of yeast growth. In this process, the developed mash is first heated between 
45 and 50 degrees Celsius. The purpose of the initial temperature is to permit 
temperature sensitive enzymes to be undergo reactions (55). Next, the mashing 
temperature is increased to 65 degrees for one hour (54). When the temperature is 
raised, the constituent goes from a crystallized form into a easy digestible form. 
Ultimately, mashing is a series of separation processes where a liquid also known as 
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sweet wort divides from the solidified part of the mash materials. After separation, 
the sweet wort developed passes into a kettle for the purpose of boiling with hops 
while the solidified part of the mash is disposed (56). Prior to entrance into the kettle, 
mashed wort is formed because of the separation process known as lautering. 
Essentially lautering allows for safe transport by means of an adequate water supply 
to the boiling process by preventing mashed wort from becoming inhibiting several 
surfaces such as screens (52). 
 Once in the kettle, the sweet wort is boiled for the purpose of wort 
sterilization, removal and coagulation of soluble proteins, and the formation of iso-α-
acids in order to provide the conventional beer taste. Within the kettle, additional 
hops are added to retain the isomerization of the hop acids and also the compounds 
present. Without modification to the kettle, the wort when boiled contains volatile 
compounds that evaportate. Following boiling, the wort is then separated from the 
formed coagulant (trub) by means of a whirlpool. Due to the tangential position of the 
device, the trub will gather into the center and can be cleared by pipe removal. 
Additional wort is then prepared for fermentation by a heat exchanger (54). 
The fermentation process consists of the addition of yeast to the cooled sweet 
wort. In order to maximize the alcohol production, author Bamforth states that within 
the fermentation vessel sweet wort and yeast (an average of 10 million yeast cells per 
1 mill introduced will be higher than what is necessary for alcohol production, a term 
known as high gravity. The presence of yeast is very significant using the constituents 
from the sweet wort for synthesis producing ethyl alcohol under anaerobic conditions. 
In addition to ethyl alcohol production, yeast is able to release compounds within the 
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mixture itself such as esters and alcohols in order to provide succinct taste differences 
within each beer type. It is also important to consider that the various strains of yeast 
will positioned throughout the vessel—lager yeast typically fermentate at the bottom 
of the vessel, while ale yeast ferment at the top. Following the completion of 
fermentation, the temperature within the vessel will drop to a temperature of 0 
degrees allowing for yeast to settle to the bottom of the vessel and can be separated 
from the completed fermented product. The resulting product is a “green beer” that 
will be transferred from the fermentation vessel for refinery (55). 
As a microorganism brewer‟s yeast requires several items in order to fulfill its 
nutritional requirements—carbon, nitrogen, vitamins, inorganic compounds, oxygen, 
and water. Throughout the yeast, the use of carbon is completed within three 
methods—passive transportation, extracellular hydrolysis and cell absorption of 
hydrolysis products, or intracellular active transportation and hydrolysis within the 
yeast cells. In regards to nitrogen, yeast receive nitrogen two ways: a) absorption of 
amino acids from the surrounding conditions; b) the production of amino acids 
through hydrolyzing organic acids present from the sweet wort, also a viable source 
for vitamins as well (57). 
Many authors have referred to the refining process as several different 
terms—maturation, aging, or refining. The ultimate goal of the process is to transform 
the fermented product into a suitable form that can be used for consumption. Once 
again the major contributor to successful maturing of beer is by means of yeast. As 
stated previously, yeast from fermentation is separated out during the fermenting 
process. However, small patches of yeast that are not easily separated during 
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fermentation process is utilized for the purpose of increasing carbon dioxide to 
provide carbonation and also to purge volatile compounds. Also, yeast is capable of 
removing compounds that produce unwanted flavors within the beer itself, a term 
brewers call (VDK‟s) (52). Baxter and Hughes discuss an example of a VDK, known 
as diacetyl, a flavor-inducing compound that is considered a butterscotch flavor. 
Typical applications of VDKs involve a temperature increase up to 15 degrees 
Celsius (54).  
Under the realm of refining, another major process that occurs is known as 
lagering, a German term meaning to store as the beer is stored for about 50 days at 
temperatures hovering around 0 degrees Celsius (55). At zero degrees, Bamforth 
states that this is the temperature where the remaining bacteria present in the system 
will eventually settle to the bottom (55). This can be accomplished by the use of 
collagen products. Bamforth explains that the use of collagen is significant of its 
positive charge (56). Because yeast and additional particulates have a negative 
charge, they are neutralized forming large flocs that settle at the bottom. From there, 
yeast is filtered out. (52).  
The final stage of beer processing is the packaging of the beer. Packing beer 
involves insuring the product is filled in a container that will protect the beer from 
enduring chemical reactions. For example, beer processing plants use amber glass, 
where the purpose is to protect light forming an isopentenyl mercaptan, resulting in 
the formation of a skunk type smell within beer. Another popular form includes the 
use of aluminum cans because of they are lightweight. Packaging involves the use of 
a conveyor belt and additional machinery to fill the individual materials with the final 
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beer product. The means of transportation includes the use of gravity and or pumps 
(51). In order to ensure proper packaging, the filling process is very important. Filling 
is completed by ensuring the pressure within the filler remains slightly above the 
pressure of CO2 saturation and remain free of contamination. Each filling process will 
include machines that will provide consistent amount of beer within each can and or 
bottle, while the ability to fill a large amount of containers at a rate between 1000 to 
1600 bottles per minute (56). 
Overall there are four major stages of filling—reception of the individual 
bottle, positioning on the filler, lift into the head of the filter, bottles are emptied and 
received with carbon dioxide, finally filled with the liquid. The caps (also known as 
crown corks) are added to the bottle by means of a storage hopper where the caps 
enter into the hopper at are rotated 180 degrees from their vertical orientation by 
means of carbon dioxide (56). For cans, a process known as seaming occurs, where 
the lid is bent and an air-tight seal is applied by a series of rollers. When the air tight 
seal happens, air is removed and replaced by carbon dioxide (56). 
Finally, beer is then pasteurized by means of applying the closed beer with 
heat. The purpose of applying heat into the beer by means of killing microorganisms. 
Pasteurization uses conveying system where each bottle receives hot water at 
temperatures of 60 degrees Celsius for about 20 minutes and then cooled. Beer is then 
ready for transportation for storage (56). 
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CHAPTER IV 
 
MATERIALS AND METHODS 
 
4.1. Wastewaters 
4.1.1. Preliminary Studies 
4.1.1.1. Hershey’s Natural Unsweetened Cocoa  
Hershey‟s Natural Unsweetened Cocoa was purchased at the local grocery 
store. The cocoa was an 8 ounce plastic container filled with the powder. The 
concentration curve produced was generated by measuring 2.5 g of cocoa and 
dissolved into 1 L of hot water. Dilutions were made by taking 100 mL of the 
previous concentration of solution and dilute into 1 L of water. Essentially there were 
three separate dilutions after the initial dissolving of the initial measurement. 
 
4.1.1.2. Kool Aid Drink Mix 
Kool Aid drink mix with artificial grape flavor was purchased at the local 
grocery store. The drink mix consisted of a plastic container that held 19 oz of grape 
colored powered. Preparation for the calibration curve involved placing 2 gram per 
liter into 1 L of hot water. After application on the magnetic stirrer, several dilutions 
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were made by taking 100 mL of each solution and dissolving it into 1 L of 
water. This procedure was completed three times to ensure a four-point calibration 
curve. Following a successful curve, solutions were prepared to determine TOC 
efficiency over a 24 hour time frame. 
 
4.1.1.3. Slim Fast Optima Meal Shake French Vanilla 
Slim Fast was purchased from a local department store. Slim Fast was a six 
pack of individually wrapped metals cans. Each can contained approximately 11 
ounces of Slim Fast liquid. For the development of the calibration curve, 10 g of 
liquid was weighed on the scale. Four more measurements on the scale were made (5, 
2.5, 1.25, 0.625 g/L) each dissolved into 1 L of hot water. Following presence onto 
the magnetic stirrer, the created wastewater was measured for the purpose of 
developing of four-point calibration curve. Due to an effective curve, Slim Fast was 
used for the determination of %TOC removed by microorganisms. 
 
4.1.1.4. Gatorade G2 Fruit Punch Flavor 
Gatorade G2 Fruit Punch was purchased at a local grocery store. The beverage 
contents were contained in a 32 fluid ounce bottle. Gatorade G2 was a viable 
substrate option available for microorganisms. Taking 2 mL of Gatorade and 
dissolving into 1 L of hot water developed a calibration curve. Following placement 
on the magnetic stirrer, 100 mL of the contents were poured into a graduated cylinder 
and then dissolved into 1 L of water. A maximum of three dilutions was made for the 
purpose of developing a three-point calibration curve. Following each dilution, the 
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supernatant was poured into the glass vials and a calibration curve was prepared.  
 
 4.1.1.5. Gold Medal Flour 
 Gold Medal Flour was purchased at the local grocery store. The constituents 
were held within a two-pound bag. The substrate was used as a preliminary to 
determine the effectiveness of using a substrate for microorganisms. Four preliminary 
tests were ran using Gold Medal Flour—a test comparing the %TOC removal by 
LLMO G1 versus yeast within a 48 hours and removed at two hour time intervals and 
applications of (0, 1, 3, 5, 10 mL). Second, the application of medium strength Gold 
Medal flour shaken for forty-eight hours; the application of clay adsorption only at 
four separate applications (0, 0.5, 1 1.5, 2 g). Third, the comparison of flour with 
potato starch with the addition of LLMO N-1 at five strengths (0, 1, 3, 5, 10 mL) over 
a forty-hour time interval. The significance of flour was to provide preliminary 
procedure and analysis for future runs within the experiment. 
 
4.1.1.6. Potato Starch  
 Potato Starch was purchased at a local grocery store. The starch was found 
within a 14.1 oz plastic bag. A preliminary test was ran using potato starch—a 
comparison of flour with potato starch with the addition of LLMO N-1 at five 
strengths (0, 1, 3, 5, 10 mL) over a forty-hour time interval. The significance of 
potato starch was to provide preliminary procedure and analysis for future runs within 
the experiment. 
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4.1.2 Primary Studies 
4.1.2.1 Nestle’s Carnation Breakfast Essentials 
Nestle‟s Carnation Breakfast Essentials was purchased at a local grocery 
store. The box contained individually wrapped packets with the material in powered 
form. After the development of a concentration curve, amounts of the powder were 
measured using a petri dishes to reflect TOC values of 20 (0.0895 g), 50 (.179 g), 100 
(.3275 g), and 150 (.4759) mg/L.  Each value was measured on two petri dishes and 
was dissolved into 2 L of hot tap water into 2-L pitchers. Each pitcher was placed 
onto a magnetic stirrer and stirrer at the highest rotation for the best result of 
heterogeneity. 
 
4.1.3. Yeast 
4.1.3.1. Brewer Yeast 
The beer yeast was retrieved from Great Lakes Brewery 2516 Market Avenue, 
Cleveland, Ohio 44113. The manager of the brewery, Mr. Mark Hunger, states that 
the yeast is used in the malting process developing the various ale products such as 
the Burning River Pale Ale. It was placed into a 1-L container and then directly 
applied to the bottles used for the experiment. 
 
4.1.3.2 Baker’s Yeast 
The baker‟s yeast was purchased at a local grocery store. The yeast was 
purchased in three conjoined packets in granular form. A solution of yeast was 
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prepared by weighing 1 g of yeast in a petri dish on a scale and dissolving into 1-L of 
cold tap water. 
 
4.1.4 LLMO 
General Environmental Science 26000 Richmond Road Cleveland Ohio 
44146 has developed six products for the purpose of treatment improvement. The 
bacteria used within the live liquid microorganisms (LLMO) include Nitrosomonas, 
Nitrobacter, Aerobacter aerogens, several Bacillus species, Cellulomonas biazotea, 
and Pseudonomas species (58). Four of the six live liquid microorganism (LLMO) 
products were used in the experiment: 
 
E1- The specific product of Liquid Live Microorganism has the application 
for the purpose of treatment plant startup and reduce of BOD and SS. In addition, the 
product can be used to reduce phenols and hydrocarbons (59). 
S1 – This product treats sludge as produced from lakes, ponds, and 
wastewater treatment plants. Also, this product can be used to hydrolyze organic 
solids (59). 
G1- The purpose of using G1 is to solubilize grease and fat. In addition, the 
product is applied to sewage collection, grease traps, and septic tanks. G1 can also be 
used within industrial wastewater treatment plants to reduce high concentration of 
grease and fats (59). 
N1- The product consists of nitrifying bacteria, in order for the product to 
perform nitrification and dentirification processes. Most common applications of the 
products include lakes, ponds, and wastewater treatment plants. (59). 
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4.1.5. Enforcer Products 
4.1.5.1 Enforcer Liquid Drain Care 
Enforcer Liquid Drain Care was purchased from a local hardware store. 
Liquid Drain Care is a 64 fluid ounce bottle that is used for the purpose of removing 
build-up in septic systems. The constituents of the bottle include bacteria and several 
enzymes. The liquid was poured into the bottle at 1 mL, 5 mL, and 10 mL increments. 
 
4.1.5.2. Enforcer Overnight Toilet Care 
Enforcer Overnight Toilet Care was purchased from a local hardware store. 
The 30-oz bottle of granules is used for the purpose of increasing the speed of toilets 
flushing. Included in the container is the enzyme protein cellulase. The granules were 
dissolved into the bottles measuring 1 g increment (60).  
 
4.1.6. Clay 
 Kaolinite was the adsorbent of choice for the experiment. Kaolinite is a 
specific type of clay complex in the subgroup of kaolin (61). It was donated by Dr. 
Kuo from Stilwell Hall Engineering strengths lab. It was manufactured by Feldspar 
Corporation, PO Box 8, Edgar, Florida, 32149. 
 
4.1.7. Sample Bottles 
The sample bottles are the ones used in doctor‟s offices for urine samples. The 
plastic bottles were 110 mL and included a cap to airtight the bottle. For each run, 
there were twenty-four bottles used. 
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4.1.8. Containers 
Small plastic containers were used for the purpose of storing the filtered 
sample after shaking. The containers were then capped with an airtight cover and 
received 3-5 drops of concentrated HCL and placed into the refrigerator before TOC 
measurements were taken. 
 
4.1.9. Shimadzu TOC Analyzer 5050 
Shimadzu TOC analyzer 5050 is the instrument used for the purpose of 
determining the TOC of each sample.  
 
4.1.10. Whatman Glass Filter Paper 
Whatman Glass Filter Papers were used during the filtration part of the 
experiment. Each filter consisted of a pore size of 1.5 μm and a diameter of 4.7 cm. 
When filtering each sample using vacuum filtration, a glass filter paper was used to 
fulfill filtration of each sample. 
 
4.2. Methods 
4.2.1. Prepare Solution for each TOC Concentration (20, 50, 100, 150 mg/L) 
 
1. Measure desired value of Carnation Breakfast Essentials for each TOC  
concentration in Petri dish on scale. 
2. Take 1 L volumetric flask and fill with hot tap water until meniscus is below  
the point desired on the flask. Use small plastic beaker to fill flask slowly  
when flask is filled to about 85% capacity. Pour water into a 2L container.  
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            Complete twice to measure 2 L. 
3. From Petri dish, add Carnation Breakfast Essentials into the beaker. Place  
magnets into beaker and place onto stirrer and stir until flour has been  
completely dissolved into hot water. 
4.2.2. Prepare bottles with Beer Yeast 
 
1. Extract beer yeast from container into each empty bottle. Each time trial for e 
       each TOC concentration will receive 1, 5 and 10 mL amounts of yeast. Pour  
       solution into each bottle until reaching 100 mL. 
2. Repeat until desired number of bottles. 
3. Label each bottle with the TOC concentration of Carnation Breakfast 
Essentials  
(20, 50, 100, 150 mg/L), the time trial (0, 2, 4, 12, 24 hour), and the beer yeast  
concentration (1, 5.5, 10 mL) 
4. Place bottle in box and shaker.  
4.2.3 Prepare bottles with Enforcer Liquid Drain Care  
 
1.  Extract Enforcer Liquid Drain Care from container into each empty bottle.  
     Each time trial for each TOC concentration will receive 1, 5 and 10 mL  
      amounts of yeast.  
2. Pour stock solution into each bottle until reaching 100 mL. 
3. Repeat until desired number of bottles. 
4. Label each bottle with the TOC concentration of Carnation Breakfast  
Essentials (20, 50, 100, 150 mg/L), the time trial (0, 2, 4, 12, 24 hour), and the  
beer yeast concentration (1, 5.5, 10 mL) 
5. Place bottle in box and shaker. 
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4.2.4 Prepare bottles with Enforcer Overnight Toilet Care  
 
   1. Extract Enforcer Overnight Toilet Care from container into each empty bottle.  
Each time trial for each TOC concentration will receive 1, 5 and 10 mL 
amounts  
of yeast.  
2. Pour stock solution into each bottle until reaching 100 mL. 
3. Repeat until desired number of bottles. 
4. Label each bottle with the TOC concentration of Carnation Breakfast 
Essentials  
(20, 50, 100, 150 mg/L), the time trial (0, 2, 4, 12, 24 hour), and the beer yeast  
concentration (1, 5.5, 10 mL) 
5. Place bottle in box and shaker. 
 
4.2.5 Filtration 
 
1. Remove bottles at desired shaking date and or time. Replace removed bottles 
with  
empty ones. 
2. Take filter paper from tray and place into Gooch crucible. 
3. Using vacuum filtration, place Gooch crucible on stopper on the outside of the  
Erlenmeyer flask. Ensure that plastic test tube is inserted into flask.  
4. Pour small amount of water to wet filter paper.  
5. Remove filtered contents from test tube and rinse. 
6. Repeat vacuum filtration by pouring significant amount of content (content  
will be poured into a 40 mL beaker. 
7. Add 2-3 drops of concentration H2SO4 into beaker. Cover with lid 
8. Place into refrigerator for storage.  
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9. Repeat steps 1-7 for all shaken bottles. 
 
4.2.6 TOC Preparation 
 
1. Remove filtered sample bottles from the refrigerator 
2. Remove cap off bottle and pour supernatant into a Schimazu glass sample vial 
3. Place vial onto the sample vial holder located on the machine. 
4. Follow operating instructions for the determination of TOC [Appendix]. 
 
4.2.7 Run Descriptions 
Run #1  Carnation Breakfast Essentials with low, medium, high strength of G1  
  and medium strength baker‟s yeast 
Run  #2 Carnation Breakfast Essentials, medium strength and clay adsorption  
      only  
Run  #3 Clay adsorption, Carnation Breakfast Essentials with low, medium, high  
      Strength of N1 
Run #4 Carnation Breakfast Essentials with 25, 50 ppm of beer yeast 
Run #5 Carnation Breakfast Essentials with 25, 50, 100, 150 ppm baker‟s yeast 
Run #6 Carnation Breakfast Essentials with medium strength Enforcer Toilet  
     Care 
Run #7 Carnation Breakfast Essentials with low dose Enforcer Liquid Drain 
Run #8 Carnation Breakfast Essentials with low medium dose Enforcer Liquid              
             Drain 
    Run #9 Carnation Breakfast Essentials with high dose Enforcer Liquid  
 
                 Drain 
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     Run #10 Carnation Breakfast Essentials with medium dose of E1  
          
 
     
 
  45 
  Table I. Run #1 Carnation Breakfast Essentials with low, medium, high strength  
 
                            of G1 and medium strength baker’s yeast 
 
Run #1 Carnation Breakfast Essentials with medium dosage G1 and Baker's yeast 
Bottle no. WW WW TOC (mg/L) Microorgan type Dosage  (mL) shaking time (hr) 
1 Carn 100 Baker Yeast 5.5 0 
2 Carn 100 Baker Yeast 5.5 2 
3 Carn 100 Baker Yeast 5.5 4 
4 Carn 100 Baker Yeast 5.5 6 
5 Carn 100 Baker Yeast 5.5 12 
6 Carn 100 Baker Yeast 5.5 24 
7 Carn 50 G1 5.5 0 
8 Carn 50 G1 5.5 2 
9 Carn 50 G1 5.5 4 
10 Carn 50 G1 5.5 6 
11 Carn 50 G1 5.5 12 
12 Carn 50 G1 5.5 24 
13 Carn 100 G1 5.5 0 
14 Carn 100 G1 5.5 2 
15 Carn 100 G1 5.5 4 
16 Carn 100 G1 5.5 6 
17 Carn 100 G1 5.5 12 
18 Carn 100 G1 5.5 24 
19 Carn 150 G1 5.5 0 
20 Carn 150 G1 5.5 2 
21 Carn 150 G1 5.5 4 
22 Carn 150 G1 5.5 6 
23 Carn 150 G1 5.5 12 
24 Carn 150 G1 5.5 24 
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Table II. Run  #2 Carnation Breakfast Essentials, medium strength and clay  
   
    adsorption only 
  
Run  #2 Carnation Breakfast Essentials with clay adsorption only 
Bottle no. WW WW TOC 
(mg/L) 
Clay (g) Shaking time (hr) 
1 Carn 100 0 0 
2 Carn 100 0 2 
3 Carn 100 0 4 
4 Carn 100 0 6 
5 Carn 100 0 12 
6 Carn 100 0 24 
7 Carn 100 0.5 0 
8 Carn 100 0.5 2 
9 Carn 100 0.5 4 
10 Carn 100 0.5 6 
11 Carn 100 0.5 12 
12 Carn 100 0.5 24 
13 Carn 100 1 0 
14 Carn 100 1 2 
15 Carn 100 1 4 
16 Carn 100 1 6 
17 Carn 100 1 12 
18 Carn 100 1 24 
19 Carn 100 1.5 0 
20 Carn 100 1.5 2 
21 Carn 100 1.5 4 
22 Carn 100 1.5 6 
23 Carn 100 1.5 12 
24 Carn 100 1.5 24 
25 Carn 100 2 0 
26 Carn 100 2 2 
27 Carn 100 2 4 
28 Carn 100 2 6 
29 Carn 100 2 12 
30 Carn 100 2 24 
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Table III. Run  #3 Clay adsorption, Carnation Breakfast Essentials with low,  
                  
                 medium, high strength of N1 
 
Run #3 Carnation Breakfast Essentials, clay adsorption, medium strength N1 
Bottle no. WW WW TOC (mg/L) LLMO Type LLMO dosage  (mL) Clay (g) Shaking Time 
(hr) 
1 Carn 50 N1 0 0 0 
2 Carn 100 N1 0 0 0 
3 Carn 150 N1 0 0 0 
4 Carn 50 N1 5.5 0 24 
5 Carn 50 N1 5.5 0.5 24 
6 Carn 50 N1 5.5 1 24 
7 Carn 50 N1 5.5 1.5 24 
8 Carn 50 N1 5.5 2 24 
9 Carn 100 N1 5.5 0 24 
10 Carn 100 N1 5.5 0.5 24 
11 Carn 100 N1 5.5 1 24 
12 Carn 100 N1 5.5 1.5 24 
13 Carn 100 N1 5.5 2 24 
14 Carn 150 N1 5.5 0 24 
15 Carn 150 N1 5.5 0.5 24 
16 Carn 150 N1 5.5 1 24 
17 Carn 150 N1 5.5 1.5 24 
18 Carn 150 N1 5.5 2 24 
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Table IV. Run #4 Carnation Breakfast Essentials with 25, 50 ppm of beer yeast 
 
Run #4 Carnation Breakfast Essentials with low, medium dosage brewer’s yeast 
Bottle no. WW WW TOC (mg/L) Yeast type Yeast dosage  (mL) shaking time (hr) 
1 Carn 20 Brewer 1 0 
2 Carn 20 Brewer 1 2 
3 Carn 20 Brewer 1 4 
4 Carn 20 Brewer 1 6 
5 Carn 20 Brewer 1 12 
6 Carn 20 Brewer 1 24 
7 Carn 20 Brewer 5.5 0 
8 Carn 20 Brewer 5.5 2 
9 Carn 20 Brewer 5.5 4 
10 Carn 20 Brewer 5.5 6 
11 Carn 20 Brewer 5.5 12 
12 Carn 20 Brewer 5.5 24 
13 Carn 20 Brewer 10 0 
14 Carn 20 Brewer 10 2 
15 Carn 20 Brewer 10 4 
16 Carn 20 Brewer 10 6 
17 Carn 20 Brewer 10 12 
18 Carn 20 Brewer 10 24 
19 Carn 50 Brewer 1 0 
20 Carn 50 Brewer 1 2 
21 Carn 50 Brewer 1 4 
22 Carn 50 Brewer 1 6 
23 Carn 50 Brewer 1 12 
24 Carn 50 Brewer 1 24 
25 Carn 50 Brewer 5.5 0 
26  Carn 50 Brewer 5.5 2 
27 Carn 50 Brewer 5.5 4 
28  Carn 50 Brewer 5.5 6 
29 Carn 50 Brewer 5.5 12 
30 Carn 50 Brewer 5.5 24 
31 Carn 50 Brewer 10 0 
32 Carn 50 Brewer 10 2 
33 Carn  50 Brewer 10 4 
34 Carn 50 Brewer 10 6 
35 Carn 50 Brewer 10 12 
36 Carn 50 Brewer 10 24 
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Table V. Run #5 Carnation Breakfast Essentials with 25, 50, 100, 150 ppm  
 
               baker’s yeast 
 
Run #5 Carnation Breakfast Essential with baker’s yeast 
Bottle no. WW WW TOC (mg/L) Yeast type Yeast dosage  (mL) shaking time (hr) 
1 Carn 20 Baker 5.5 0 
2 Carn 20 Baker 5.5 2 
3 Carn 20 Baker 5.5 4 
4 Carn 20 Baker 5.5 6 
5 Carn 20 Baker 5.5 12 
6 Carn 20 Baker 5.5 24 
7 Carn 50 Baker 5.5 0 
8 Carn 50 Baker 5.5 2 
9 Carn 50 Baker 5.5 4 
10 Carn 50 Baker 5.5 6 
11 Carn 50 Baker 5.5 12 
12 Carn 50 Baker 5.5 24 
13 Carn 100 Baker 5.5 0 
14 Carn 100 Baker 5.5 2 
15 Carn 100 Baker 5.5 4 
16 Carn 100 Baker 5.5 6 
17 Carn 100 Baker 5.5 12 
18 Carn 100 Baker 5.5 24 
19 Carn 150 Baker 5.5 0 
20 Carn 150 Baker 5.5 2 
21 Carn 150 Baker 5.5 4 
22 Carn 150 Baker 5.5 6 
23 Carn 150 Baker 5.5 12 
24 Carn 150 Baker 5.5 24 
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Table VI. Run #6 Carnation Breakfast Essentials with medium strength  
 
                Enforcer Toilet Care 
 
Run #6 Carnation Breakfast Essentials with medium dosage Enforcer Toilet Drain Care 
Bottle no. WW WW TOC (mg/L) Yeast type Enforcer dosage  (g) Shaking time (hr) 
1 Carn 20 Liquid Drain 1 0 
2 Carn 20 Liquid Drain 1 2 
3 Carn 20 Liquid Drain 1 4 
4 Carn 20 Liquid Drain 1 6 
5 Carn 20 Liquid Drain 1 12 
6 Carn 20 Liquid Drain 1 24 
7 Carn 50 Liquid Drain 1 0 
8 Carn 50 Liquid Drain 1 2 
9 Carn 50 Liquid Drain 1 4 
10 Carn 50 Liquid Drain 1 6 
11 Carn 50 Liquid Drain 1 12 
12 Carn 50 Liquid Drain 1 24 
13 Carn 100 Liquid Drain 1 0 
14 Carn 100 Liquid Drain 1 2 
15 Carn 100 Liquid Drain 1 4 
16 Carn 100 Liquid Drain 1 6 
17 Carn 100 Liquid Drain 1 12 
18 Carn 100 Liquid Drain 1 24 
19 Carn 150 Liquid Drain 1 0 
20 Carn 150 Liquid Drain 1 2 
21 Carn 150 Liquid Drain 1 4 
22 Carn 150 Liquid Drain 1 6 
23 Carn 150 Liquid Drain 1 12 
24 Carn 150 Liquid Drain 1 24 
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Table VII. Run #7 Carnation Breakfast Essentials with low dose Enforcer  
 
                   Liquid Drain 
 
Run #7 Carnation Breakfast Essentials with low dosage Enforcer Liquid Drain Care 
Bottle no. WW WW TOC (mg/L) Yeast type Enforcer dosage  (mL) Shaking time (hr) 
1 Carn 20 Liquid Drain 1 0 
2 Carn 20 Liquid Drain 1 2 
3 Carn 20 Liquid Drain 1 4 
4 Carn 20 Liquid Drain 1 6 
5 Carn 20 Liquid Drain 1 12 
6 Carn 20 Liquid Drain 1 24 
7 Carn 50 Liquid Drain 1 0 
8 Carn 50 Liquid Drain 1 2 
9 Carn 50 Liquid Drain 1 4 
10 Carn 50 Liquid Drain 1 6 
11 Carn 50 Liquid Drain 1 12 
12 Carn 50 Liquid Drain 1 24 
13 Carn 100 Liquid Drain 1 0 
14 Carn 100 Liquid Drain 1 2 
15 Carn 100 Liquid Drain 1 4 
16 Carn 100 Liquid Drain 1 6 
17 Carn 100 Liquid Drain 1 12 
18 Carn 100 Liquid Drain 1 24 
19 Carn 150 Liquid Drain 1 0 
20 Carn 150 Liquid Drain 1 2 
21 Carn 150 Liquid Drain 1 4 
22 Carn 150 Liquid Drain 1 6 
23 Carn 150 Liquid Drain 1 12 
24 Carn 150 Liquid Drain 1 24 
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Table VIII. Run #8 Carnation Breakfast Essentials with low medium dose  
 
                    Enforcer Liquid Drain 
 
Run #8 Carnation Breakfast Essentials with medium dosage Enforcer Liquid Drain Care 
Bottle no. WW WW TOC (mg/L) Yeast type Enforcer dosage  (mL) shaking time (hr) 
1 Carn 20 Liquid Drain 5.5 0 
2 Carn 20 Liquid Drain 5.5 2 
3 Carn 20 Liquid Drain 5.5 4 
4 Carn 20 Liquid Drain 5.5 6 
5 Carn 20 Liquid Drain 5.5 12 
6 Carn 20 Liquid Drain 5.5 24 
7 Carn 50 Liquid Drain 5.5 0 
8 Carn 50 Liquid Drain 5.5 2 
9 Carn 50 Liquid Drain 5.5 4 
10 Carn 50 Liquid Drain 5.5 6 
11 Carn 50 Liquid Drain 5.5 12 
12 Carn 50 Liquid Drain 5.5 24 
13 Carn 100 Liquid Drain 5.5 0 
14 Carn 100 Liquid Drain 5.5 2 
15 Carn 100 Liquid Drain 5.5 4 
16 Carn 100 Liquid Drain 5.5 6 
17 Carn 100 Liquid Drain 5.5 12 
18 Carn 100 Liquid Drain 5.5 24 
19 Carn 150 Liquid Drain 5.5 0 
20 Carn 150 Liquid Drain 5.5 2 
21 Carn 150 Liquid Drain 5.5 4 
22 Carn 150 Liquid Drain 5.5 6 
23 Carn 150 Liquid Drain 5.5 12 
24 Carn 150 Liquid Drain 5.5 24 
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Table IX. Run #9 Carnation Breakfast Essentials with high dose Enforcer  
 
                 Liquid Drain 
 
Run #9 Carnation Breakfast Essentials with high strength of Enforcer Liquid Drain    
Set WW WW TOC (mg/L) Enforcer type Enforcer amt (mL) shaking time (hr) 
1 Carn 20 Liquid Drain 10 0 
2 Carn 20 Liquid Drain 10 2 
3 Carn 20 Liquid Drain 10 4 
4 Carn 20 Liquid Drain 10 6 
5 Carn 20 Liquid Drain 10 12 
6 Carn 20 Liquid Drain 10 24 
7 Carn 50 Liquid Drain 10 0 
8 Carn 50 Liquid Drain 10 2 
9 Carn 50 Liquid Drain 10 4 
10 Carn 50 Liquid Drain 10 6 
11 Carn 50 Liquid Drain 10 12 
12 Carn 50 Liquid Drain 10 24 
13 Carn 100 Liquid Drain 10 0 
14 Carn 100 Liquid Drain 10 2 
15 Carn 100 Liquid Drain 10 4 
16 Carn 100 Liquid Drain 10 6 
17 Carn 100 Liquid Drain 10 12 
18 Carn 100 Liquid Drain 10 24 
19 Carn 150 Liquid Drain 10 0 
20 Carn 150 Liquid Drain 10 2 
21 Carn 150 Liquid Drain 10 4 
22 Carn 150 Liquid Drain 10 6 
23 Carn 150 Liquid Drain 10 12 
24 Carn 150 Liquid Drain 10 24 
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Table X. Run #10 Carnation Breakfast Essentials with medium dose of E1 
 
Run #10 Carnation Breakfast Essentials with medium strength E1 
Set WW WW TOC (mg/L) LLMO LLMO Dosage (mL) Shaking time (hr) 
1 Carn 20 E1 5.5 0 
2 Carn 20 E1 5.5 2 
3 Carn 20 E1 5.5 4 
4 Carn 20 E1 5.5 6 
5 Carn 20 E1 5.5 12 
6 Carn 20 E1 5.5 24 
7 Carn 50 E1 5.5 0 
8 Carn 50 E1 5.5 2 
9 Carn 50 E1 5.5 4 
10 Carn 50 E1 5.5 6 
11 Carn 50 E1 5.5 12 
12 Carn 50 E1 5.5 24 
13 Carn 100 E1 5.5 0 
14 Carn 100 E1 5.5 2 
15 Carn 100 E1 5.5 4 
16 Carn 100 E1 5.5 6 
17 Carn 100 E1 5.5 12 
18 Carn 100 E1 5.5 24 
19 Carn 150 E1 5.5 0 
20 Carn 150 E1 5.5 2 
21 Carn 150 E1 5.5 4 
22 Carn 150 E1 5.5 6 
23 Carn 150 E1 5.5 12 
24 Carn 150 E1 5.5 24 
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CHAPTER V 
 
 
RESULTS AND DISCUSSION 
 
 
5.1 Wastewaters 
 
5.1.1 Preliminary Studies 
 
 
Prior to the consideration of Carnation Breakfast Essentials as the primary 
choice for the experiment, alternatives choices for substrate during the experiment 
included Hershey‟s Cocoa, Kool Aid, Gatorade, Slim Fast, potato starch, and flour. 
The initial purpose of investigating the various substrates is in order to compare the 
total organic carbon removal efficiency between two eligible substrates. The results 
from the calibration curve determinations are included in the appendix. 
 
5.1.2 Hershey’s Cocoa 
The consideration of Hershey‟s Cocoa was only by the preparation of a 
calibration curve. The conclusion from the calibration curve yielded an R
2
 value of 
only 67.9%. From the reading, it was concluded that Hershey‟s Cocoa was not a 
viable option. 
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A major problem with Hershey‟s Cocoa is its solubility. An explanation 
derives from the form of cocoa purchased. The cocoa available for baking purposes 
has different characteristics as compared to what is found naturally. One of the key 
processes cocoa undergoes prior to packaging is known as dutching. Cocoa in its 
natural form is very acidic. During the dutching process, an alkali such as potassium 
carbonate is added to neutralize the pH of the cocoa. The increase of cocoa pH to a 
more basic form would allow for better results when used in the kitchen (62).  
However, the increase in the pH of cocoa reduces the solubility of cocoa, 
therefore, the TOC analyzer will not be able to read successfully samples that contain 
particulate material at the bottom. As a result, it would be disadvantageous to 
continue an experiment using a non-soluble substrate.  
 
5.1.3. Kool Aid 
The results from Kool Aid do not indicate a trend in reducing total organic 
carbon (TOC) presence within the sample bottles over the observed time frame. This 
trend has been seen over the time duration of the bottles. A possible explanation can 
be seen within the ingredients of the beverage.  
The main ingredients within Kool Aid are sugar, fructose, citric Acid 
(Provides Tartness), calcium phosphate (Prevents Caking), artificial flavor, ascorbic 
acid (Vitamin C), red 40, blue 1. Out of the main ingredients, there are three major 
categories of ingredients prevalent within Kool Aid—sugars (fructose and glucose), 
artificial flavors, and dyes. While sugars and fructose are capable of being a viable 
carbon source, the amount of carbon present in the sugars of Kool Aid is not 
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sufficient for microorganism synthesis. For example, authors Ratledge and 
Kristiansen explain that the production of baker‟s yeast requires the use of an organic 
compound such as molasses, a compound that would form glucose and sucrose 
through hydrolysis (63). Therefore, the sugars present in Kool Aid are byproducts 
from hydrolysis of organics and are not useful to microorganisms.  
Second, the use of azo dyes (red 40, blue 1) become problematic for 
microorganisms as the dyes present have been reported to cause growth inhibition 
within microorganisms. The reason behind inhibition is because many dyes are 
xenobiotic in nature and are not recognized as sources for biological synthesis within 
microorganisms. It has been reported that biological treatment should be replaced by 
the use of physical/chemical treatment process—flocculation, membrane flotation, 
precipitation, and ozonation. However, the microorganisms that have better success in 
removing dyes typically thrive in anaerobic conditions. Doble and Kumar provide 
several observations involving the use of anaerobic reactors for the purpose of 
degrading dyes. For example, an observation reported an increase of 20% in reduction 
of red dye presence and 12% for blue dyes when using upflow aerobic sludge 
blankets (USAB) to treat azo dyes (64).  
 
5.1.4. Gatorade  
There are identical ingredients found within Gatorade and Kool Aid. These 
include sugars--sucrose, fructose and glucose; and dyes. A similar explanation with 
sugars has been made in the previous section concerning Kool Aid. In addition to 
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these associated problems, Gatorade poses additional issues for microorganism 
growth—citric acid and caramel color.  
Citric acid is one of the most popular acids present within soft beverages for two 
reasons—first, citric acid is important aesthetically as it allows for one to experience 
the artificial taste of citrus fruits. The citric acid flavor is present in many drinks such 
as Sprite, 7Up, and Mountain Dew; second, citric acid provides a chelating effect for 
metallic ions, a very important characteristic to prevent metals from contaminating 
the beverages. While food engineers have devised a method in order to reduce the 
effects of acid present within sport drink beverages such as Gatorade, critic acid has 
the potential of having adverse effects on microorganisms. The pH measurement of 
the acids within beverages ranges between 4 and 4.5, a contrast for the typical 
acceptable levels for bacteria (pH 6-8.5). One can make an inference that the lack of 
optimum pH can have an adverse affect on a bacteria‟s ability to metabolize organic 
compounds (65).  
According to Friberg et al, caramel color present within beverages has been 
provided in order to add value to the citric acid. Specifically adding various colors 
such as caramel to the beverage provides an emulsifying effect on the citric acid 
presence with the beverage. Also, caramel color specifically is an agent that stabilizes 
the effects of acidity within the materials (65). As stated previously about Kool Aid, 
the removal of color is typically completed by the use of physical-chemical processes. 
Therefore, Gatorade was eliminated as a second substrate candidate. 
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5.1.5  Slim Fast 
 
Slim Fast consists of ingredients very similar to what is found in Carnation 
Breakfast Essentials. Some of the major ingredients mirroring Carnation Breakfast 
Essentials include the presence of complex sugars (milk and maltodextrin), and 
vitamins and minerals.  
Milk consists of 4.8% lactose, a complex disaccharide consisting of glucose 
and galactose (66). The presence of milk within synthetic wastewater provides the 
bacteria with more complex sugars, increasing the metabolic process within the 
sample bottles. Additional sugar presence within Slim Fast includes maltodextrin, 
another complex sugar that consists of several glucose chains. Therefore with the 
presence of complex sugars and saccharides, Slim Fast would be very viable option 
for the microorganisms chosen for the experiment. This contrasts the sugars within 
Kool Aid because they will undergo hydrolysis, breaking the long chains of glucose 
molecules, as compared to Kool Aid sugars which are the end products of the 
reactions completed during contact with Slim Fast and the microorganisms. 
As previously mentioned in Chapter III, yeast cultures require vitamins and 
minerals to maintain viability. Slim Fast provides essential vitamins and minerals 
within its contents. The vitamins included within Slim Fast are Vitamin C, E, D, and 
K; minerals and inorganics such are Calcium, Zinc, Iron, Thiamin, Copper, and 
Manganese.  
On the contrary, there are many Slim Fast differences with Carnation Breakfast 
Essentials. In Slim Fast, the mass of protein is two times higher as compared to 
Carnation Breakfast Essentials. Also, Slim Fast introduces soy protein to the bacteria, 
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a series of sugars from soybeans. Soy protein is another type of complex sugar that 
will benefit in synthesis by microorganisms. However, experiments involving Slim 
Fast were not continued because of the storage issue. Because Slim Fast in a liquid 
form, it would require one to refrigerate all Slim Fast after opening the can. In 
addition, while storage inside of the refrigerator biodegradation by the presence of 
bacteria cultures in Slim Fast would occur and it might skew the results. Also, using 
Slim Fast requires constant purchase of the substrate. 
 
5.1.6. Flour  
Flour is made from various combinations of wheat. Wheat comprises of 
proteins; there are two categories of proteins in wheat—albumin/globulins and 
gliadin/glutentin (gluten). The significance of these two protein combinations is such 
that they have an affect on the solubility of flour within water. Author Kinsella 
mentions that within the albumin/globulin category, both protein types are soluble in 
a water solution--albumin proteins are successfully soluble in water, while globulins 
are only soluble in salt solutions (67). Nevertheless, albumin/globulin proteins are 
capable of dissolving successfully in water, while gluten proteins are not easily 
dissolved (67). The relationship can be summarized by considering the following 
factors—pH and molecular weight (67).  
First, the correlation between pH and solubility is such that gluten proteins 
can be deemed soluble in water if the pH is close to its isoelectric point. However, 
when moving away towards high positive and negative electric charge, the potential 
of solubilizing decreases. Second, the molecular weight becomes another important 
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factor that has an adverse affect on the solubility of flour. Gluten protein consists of 
high molecular weight amino acid chains. As a result, the bonding properties are very 
high, making it difficult to degrade these constituents (66). Therefore, one can 
conclude that the small percentage of flour that remained insoluble in the bottles is 
due to insoluble proteins.  
 
5.1.7 Potato Starch 
 Potato starch consists of two major components—amylose, a linear chain of 
glucose with α-1,4 glycosidic linkage and amylopectin, short chains of glucose with 
both α-1,4 glycosidic and α-1,6 glycosidic links as connecting chains. The 
characteristics of these complex forms of carbohydrates have a dire effect on the 
solubility. However, one can also conclude that there are two prior characteristics of 
potato starch that have dire effects on the solubility—size of the granules and 
temperature. For the size of the granlues, the larger size potato starch particles are 
easier dissolves as compared to smaller particles (68). 
 However, the temperature refers back to the constituents of the starch. The 
characteristics of the temperature involve the process known as gelatinization. 
Gelatinization is the process explaining the process of water absorbance (68). During 
cooking, the starch granules increasing the overall solubility of the starch (67) by 
absorbing the surrounding water and increasing the size of the potato starch 
components. The swelling and maintenance of the potato starch constituents will 
remain in tact as long as the temperature within the system remains high. However, if 
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under low temperatures, neutral pH, and high concentration of potato starch presence 
can convert the amylose from a soluble to an insoluble form (69). 
 A study was compiled to compare characteristics such as solubility comparing 
three different types of starches—wheat, maize, and potato. From the study, the 
highest percent of solubility occurred at the temperatures at 160 and 170 degrees 
Celsius where solubility recorded 75.75% and 83.27% respectively. For temperatures 
that were closer to the temperature of hot water, the measurement of potato starch 
was recorded at 0.35% (70). The resulting conclusion of the insolubility of potato 
starch explains why the %TOC removed by the potato starch is very low. Potato 
starch dissolves at low temperatures and therefore much of the potato starch remains 
in the vials and results in very poor results when considering the measurement of 
%TOC removed. 
 
5.2 Primary Studies  
5.2.1 Results of Run #1  
Run 1 considered the TOC removal efficiency of Carnation Breakfast 
Essentials between the LLMO specie G1 and baker‟s yeast. Carnation Breakfast 
Essentials were prepared at three various concentrations (TOC concentrations 50, 
100, and 150 mg/L) based on the calibration curve developed. Analyses were done 
over a twenty-four hour time frame, comparing the removal efficiency at two-hour 
intervals. At the lowest concentration of substrate, removal efficiency was 52% (55.6 
mg/L to 26.23 mg/L) at 24 hours. Both G1 LLMO and baker‟s yeast used the medium 
concentration of substrate. The result concluded that the removal efficiency was 
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higher in G1 as compared to removal in baker‟s yeast, as G1 recorded a removal of 
82% (101.8 mg/L to 18.3 mg/L) at 24 hours, as compared to only a 35% removal by 
yeast at 24 hours (94.8 mg/L to 61.15 mg/L). Finally, the highest prepared substrate 
recorded a removal of 52% (55.6 mg/L to 26.23 mg/L) at 12 hours.  
 
5.2.2 Results of Run #2  
Run 2 considered the TOC removal efficiency of Carnation Breakfast 
Essentials by adsorption. Carnation Breakfast Essentials were prepared at the medium 
strength (TOC concentration 100 mg/L). Analyses were done over a twenty-four hour 
time frame, comparing the removal efficiency at two-hour intervals. Clay was applied 
to the sample bottles weighing 0, 0.5, 1.0, 1.5, 2.0 g. At each two-hour interval there 
were sample bottles that received one of the five treatments by clay.  
 The results within the bottle provided an semi-inverse relationship between 
the presence of clay presence and the removal of organic carbon over the twenty-four 
hour time frame. When there was no clay added to the system, the removal of clay 
reached as high as 23% (102.5 mg/L to 78.8 mg/L). When 0.5 g of clay was added to 
sample bottles, the maximum removal was completed at 24 hours where the removal 
efficiency reached 14.4% (87.4 mg/L to 74.81 mg/L). In addition, one will notice that 
as time increases, there appears to be an increase in removal efficiency. For the 
application of 1.0 g of clay, the maximum amount of removal of organic carbon from 
the Carnation Breakfast Essentials measured a %removal of 10.3% (82.2 mg/L to 
73.6 mg/L), continuing the inverse relationship as the increase of clay reduces the 
overall %removal of organic carbon. 
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 However at 1.5 and 2.0 g of clay applied to the sample bottles, the semi-
inverse relationship is terminated. Bottles consisting of 1.5 g of clay concluded that a 
maximum amount of clay removal become as high as 23.42% (87.2 mg/L to 66.8 
mg/L) at 12 hours, while at 2.0 g of clay applied, the removal of clay was reduced as 
high as 38.9% at 12 hours. Considering the results presented, 2.0 g of clay still 
removes the highest amount of clay.  
However, sample bottles that remain on the shaker for 24 hours either 
produced a gain of organic compounds that were different that what was present in 
the sample at hour 0. A possible explanation of the increase of organic compound is 
the possible presence of clay presence within the filtered sample, or poor adsorption 
due to the fact that 12 hours is the highest detention time that can clay can remove 
organic compounds at 1.5 and 2.0 g. 
 
5.2.3 Results of Run #3  
Run 3 combines Runs 1 and 2 by considering two types of methods of 
reduction—bio-oxidation and adsorption for purposes of TOC removal efficiency by 
both an LLMO species N1 and clay adsorption. Carnation Breakfast Essentials were 
prepared at the medium strength (TOC concentration 100 mg/L). Clay was applied to 
the sample bottles weighing 0, 0.5, 1.0, 1.5, 2.0 g. Fifteen out of the twenty-one 
bottles used for the experiment were placed on the shaker. The remaining six sample 
bottles were not applied to the shaker in order to provide the initial concentration of 
applying each clay sample. Analyses were done over a twenty-four hour time frame.  
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From the results at the low concentration, there is a potential relationship 
between organic compound removed versus the amount of clay added into the sample 
bottles. The bottle with no clay measured a concentration of 44.31 mg/L and was 
removed down to 27.22 mg/L. In addition, the highest removal of the organic 
compounds from Carnation Breakfast was 72% at 1.5 g of clay added to each bottle. 
For bottles consisting of medium strength wastewater, the % removal noticed a 
reduction capped at 49% with no clay present, as compared with the presence of 2.0 g 
of clay, reduction was only 23.8% removed. Finally, at high strength, organic carbon 
removal was capped at 38.9% when 0.5 g of clay was added to the sample bottle. 
What is interesting to note is that 2.0 g of clay did not remove the highest amount of 
organic compounds on any of the three strengths of wastewater. A possible 
explanation is the forming of aggregates of clay compounds, reducing the potential 
pore spaces for adsorption. 
 
5.2.4 Results of Run #4 
Run 4 was the use of brewer‟s yeast for the purpose of removing from the 
organic carbon from Carnation Breakfast Essentials. Brewer‟s yeast from the local 
brewery were prepared at two concentrations (TOC concentrations 20 and 50 mg/L). 
Analyses were done over a twenty-four hour time frame, comparing the removal 
efficiency at two-hour intervals.  
The results from the brewer‟s yeast produced results that were very 
unfavorable. The results produced by the experiment concluded an increase of 
organic carbon presence through the twenty-four time frame at two of the four 
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concentrations. Due to the high presence concentrations measured by the TOC 
analyzer at 50 mg/L, it was determined that results for 100 and 150 mg/L would not 
be measured. The TOC analyzer capped around 6000 ppm and this was at 50 mg/L. 
The possible explanation as to why the brewer‟s yeast was deemed ineffective 
because of prior substrate contained with the brewer‟s yeast. When brewer‟s yeast 
was taken from the brewery, it was the ale yeast undergoing fermentation, the 
processes of transforming the sweet wort into the green beer requiring refinery and 
lagering. The yeast were introduced to the fermented beer and therefore it is possible 
that the yeast was degrading the sweet wort simultaneously reducing the amount 
Carnation Breakfast. Degradation by the yeast took the compounds and formed 
simple sugars (fructose and glucose). These simple sugars most likely comprised the 
pattern of increasing the amount of organic carbon presence within the system over 
time. 
 
 
5.2.5 Results of Run #5  
 
The purpose of run #5 was to reconfirm the success of baker‟s yeast across a 
variable spectrum of concentrations (20 mg/L, 50 mg/L, 100 mg/L, and 150 mg/L). 
Within each sample bottle, 5.5 mL of baker‟s yeast was added to each of the prepared 
sample and then placed on the shaker for a twenty-four hour time frame and removal 
every two hours.  
Results from Run #5 indicated a relationship between the concentration of Carnation 
Breakfast and the %TOC removed.  
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Over a 24-hour time interval, the following observations were noted: at 20 
ppm, %TOC removed peaked during the run at 52.61%, 50 ppm recorded a %TOC 
removed 28%, from 64.89 to 46.4 mg/L, 100 ppm produced a reduction from 23.36% 
reducing from 108.2 to 82.92 mg/L, and at 150 ppm, the %TOC removed became 
13.74% (185.6 to 160.1 mg/L). Therefore, one can deduce that the removal of TOC 
over a twenty-four time interval is higher at lower concentrations as compared to 
higher concentrations because of the TOC presence. In other words, it is easier to 
remove a lower concentration of organic carbon from the vials as compared to what is 
found in the vials consisting of a higher concentration of organic compounds. 
 
5.2.6 Results of Run #6  
 
Run #6 was the first of four runs using Enforcer Septic System products. Run 
#6 was the application of Enforcer Overnight Toilet Care across four concentrations 
of Carnation Breakfast Essentials. Medium dose of Enforcer Overnight Toilet Care 
granules was added (1.0 g) to the sample bottle and then dissolved into the 100 mL 
sample bottle. Samples bottles were placed on the shaker and were analyzed over a 
twenty-four hour time frame and sample bottles were moved at two hour intervals.  
The results from Enforcer Overnight Toilet Care were very unfavorable and 
unanticipated. According to the Enforcer website, Overnight Toilet Care has been 
advertised as “reducing organic matter” which is the primary reason why Overnight 
Toilet Care was chosen as a viable option for the provision of microorganisms (68). 
However, the reason for the results produced being unfavorable involves the 
constituents of Toilet Care. Beyond the presence of enzymes, a secondary ingredient 
of Enforcer Toilet Care consists of sodium sulfate. Because sample bottles were 
  68 
filtered and received hydrochloric acid to stop all microbial activity, the sodium 
sulfate present in the sample will react with the hydrochloric acid and will form 
sulfuric acid. The following chemical equation summarizes this occurrence:  
 
2HCl (aq) + Na2SO4 (aq) → H2SO4 (aq) + 2NaCl (aq) [2] 
 
The presence of sulfuric acid does have an affect on the clarity of reading the 
%TOC presence within the samples. Sulfate presence has the tendency of inhibiting 
the machine from reading the organic carbon. The primary reason for inhibition is 
because the amount of Carnation Breakfast Essentials is very small (0.01%) and 
therefore the amount of sulfate would inhibit the small amount of Carnation Breakfast 
Essential that is present within the vial.  
However, at the highest concentration (150 ppm), there is activity occurring 
inside of the vials—TOC production. With TOC production, this indicates 
degradation not removal of the nutrients associated in the samples. Also, the organics 
from the Carnation Breakfast Essentials still remain within the samples.  
 
5.2.7. Results of Runs #7-9  
Runs 7 through 9 involve the use of Enforcer Liquid Drain Care. Similar to 
Overnight Toilet Care, the purpose of Liquid Drain Care is to provide enzymes for 
the purpose of removing material from clogged drains. Using the two products to 
compare the efficiency of removing organic carbon would determine how effective 
the strains are on degrading organic pollutants. For each of the three runs were 
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supplied with Liquid Drain Care with one of the three doses (1 mL, 5.5 mL, and 10 
mL). However, each run contained Carnation Breakfast Essentials at four 
concentrations (20 mg/L, 50 mg/L, 100 mg/L, and 150 mg/L). Analysis were made to 
determine %TOC removed by the enzymes in Enforcer Liquid Drain Care over a 
twenty-four time frame by removing sample bottles from the shaker at two-hour 
intervals. 
The results indicate that there is a relationship between %TOC removed and 
the dosage of Enforcer Liquid Care applied only at the 25 mg/L concentration. At this 
concentration, the highest %TOC removal occurs at the low dosage of Enforcer Toilet 
Care (1 mL) where the removal occurred at 34.74% at hour twelve. When medium 
strength was applied to 25 mg/L of Carnation Breakfast Essentials, 1.86% was overall 
removed after twenty-four hours going from 3172 to 3113 ppm. And remaining 
consistent with the pattern, the removal at the higher strength of Carnation Breakfast 
Essentials resulted in a production of TOC from 5219 to 5645 ppm.  
The efficiency of Enforcer Liquid Drain Care can be considered contingent on 
the dose of Enforcer Liquid Drain Care applied. At the low and medium doses of 
Liquid Drain Care, TOC removal is present within the system. However, when one 
reaches the high dose, the %TOC removed is not present. One can make an inference 
based on the contents of within Liquid Drain Care. To summarize the ingredients, 
Liquid Drain Care has a prior presence of high molecular weight organic compounds. 
Therefore, when the enzymes of Liquid Drain Care are combined with the Carnation 
Breakfast Essentials at high concentration of Drain Care, the enzymes will more 
likely undergo reactions to reduce the amount of organic compounds present within 
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the system. Liquid Drain Care provides previous high molecular weight organic 
compounds to the system as nutrients. The nutrients encourage microbial growth for 
the purpose of degrading the compounds that are present within the clogged drains. 
There was considerable hope that with the presence of these microorganisms would 
be able to degrade the compounds in the Carnation Breakfast. However, the 
conclusion derived is that lower doses of Liquid Drain Care remove the organic 
carbon in Carnation Breakfast due to the prior presence of nutrients for microbial 
growth.  
These results can be supported in the following manner. Consider the low 
strength of Carnation Breakfast Essentials (25 mg/L) for all three doses of Enforcer 
Liquid Drain Care. At the medium dose of Enforcer Liquid Drain Care, the initial 
TOC measurement recorded a value of 3172 ppm where at high dose a value of 5219 
ppm was recorded. The significance is in the values for each dose applied to the vials. 
Medium dose is approximately 1.81 times less than high dose. From the TOC 
analysis, the values recorded were 1.64 times less in the medium than in the high 
dose, which means that the results are strongly driven by the nutrients presence in the 
Enforcer Drain Care and support the justification as to why Enforcer Drain Care is 
not a viable option to use the microorganisms to reduce the concentration inside of 
the vials. 
 
5.2.8 Results of Run #10  
The tenth and final run of the experiment used the LLMO species E-1. During 
this run, medium dose of E-1 (5.5 mL) was supplied to each sample bottle along with 
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Carnation Breakfast Essentials at four concentrations (20 mg/L, 50 mg/L, 100 mg/L, 
and 150 mg/L). Analysis were made to determine %TOC removed by the E-1 over a 
twenty-four time frame by removing sample bottles from the shaker at two-hour 
intervals.  
The results from E-1 were favorable at 20 and 50 ppm. At 20 ppm, the 
concentration was reduced from 19.8 ppm to 15.4 ppm (22%), while at 50 ppm, the 
concentration was reduced from 66.18 ppm to 10.88 ppm (77%), one of the highest % 
TOC removal present across all microorganism types. The remaining concentrations 
of Carnation Breakfast Essentials reported a lot of zeroes for many of the values. This 
does not indicate that zeroes are reported for values. The reason involves the TOC 
machine. Each sample creates CO2 gas. Sometimes the CO2 can create an inaccurate 
reading of zero. Therefore, based on the results given, the LLMO E-1 does produce 
appears to show a tendency of being removed over the twenty-four hour time period. 
 
5.3 Comparison of Results from All Runs 
Figures XL and XL and Tables XXIV and XXV provide comparison between all ten 
runs. Figure XXIV and Table XL is an analysis of the runs with the highest removal 
efficiency—Run #1 G1 with a dose of 5.5 mL and a wastewater concentration of 50 
mg/L, Run #2 Clay application of 0 g and a wastewater concentration of 100 mg/L, 
Run #3 N1 with a dose of 1 mL, wastewater concentration of 100 mg/L, and various 
application of clay. Run #5 Baker‟s Yeast applied with a 5.5 mL dose and wastewater 
application of 50 mg/L. Run #10 E1 applied at 5.5 mL dose and a wastewater 
application of 50 mg/L. Figure XXIV is a graphical representation of the data 
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produced in the table, except for Run #3. This is because the shaking time for the 
entire experiment was 24 hours. 
According to the results, the first thing to note is that the results do not have a linear 
decrease in values. In other words, as time increase the TOC values decrease from the 
previous value documented. Second, the application of LLMO has produced the best 
results. If one were to look at Runs 1,3, and 10 it would show that the LLMO 
removed the most Carnation Breakfast over twenty-four hours (E1 77% at hour 24, 
N1 72.4% at hour 12, and G1 52.8% at hour 24).  
In addition, Run #3 combining clay and LLMO (N1) and clay (1.5 g) produced the 
second highest removal. The combination of N1 and clay increased 17% as with just 
N1, the removal was only 55.2%, the lowest of the four LLMO species. On the other 
hand, without clay adsorption, the removal was simply 23.1% removal. The reason 
for such a prevalent %removal is because of the presence of microbial species that are 
present within the ingredients of Carnation Breakfast.  
Table XLI produced results to compare all ten runs-- 
Run #1 G1 applied a dose of 5.5 mL and Carnation Breakfast concentration of 100 
mg/L.  Run #2 Clay applied 1.0 g and Carnation Breakfast concentration of 100 
mg/L. The chosen condition from Run #3 was N1 at a dose of 5.5 mL , Carnation 
Breakfast Essential concentration of 100 mg/L, and clay applications between 0 and  
2 g. Run #4 used Brewer Yeast as the microorganism at 5.5 mL and a Carnation 
Breakfast concentration of 100 mg/L. Run #5 was Baker‟s Yeast at a dose of 5.5 mL 
and a Carnation Breakfast application of 100 mg/L. The sixth run used Enforcer 
Toilet Care at 1 mL with an application of 150 mg/L of the wastewater. Run #7 used 
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Enforcer Liquid Drain Care application of 1 mL and a Carnation Breakfast 
concentration of 100 mg/L. The conditions for Run #8 were Enforcer Liquid Drain 
Care at 5 mL and a Carnation Breakfast concentration of 100 mg/L. Run #9 was 
Liquid Drain Care at 10 mL and a concentration of 100 mg/L. Finally, Run #10 used 
E1 dose of 5.5 mL and a Carnation Breakfast concentration of 50 mg/L. Figure XXV 
provided a graphical relationship of the %TOC removal over 24 hours, with the 
exception of Run #3 where the time all values were taken at hour 24. 
The following is a summary of the results found from the table and graph: 
 
5.3.1 LLMO 
          From the graph, it shows that LLMO has the best removal rates as E1 had a 
%TOC removal of 77%. However, what is interesting to note is a comparison 
between LLMO only and LLMO and clay applications. In Run #1 using just LLMO 
G1 removed 35%, compared to 1.5 g clay applied removed 49.25%, an increase in 
removed of 11%. However, no clay and N1 still removed 49.25%.  
 
5.3.2 Yeast 
           Brewer Yeast had a steady increase over time of concentration, going from 
3196 mg/L to 4131 over 24 hours. On the contrary, baker's yeast removal was 23.36% 
after 24 hours of shaking. 
 
5.3.3 Enforcer Products 
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           Liquid Drain Care in this instance showed that the higher the applicaiton of 
Liquid Drain Care, the higher precent removal (1 mL of Liquid Drain Care went from 
407.9 to 702.3, a 72% increase; 5.5 mL 3266 mg/L to 4030 mg/L only an 
increase of 23.39%; 10 mL showed a removal over 24 hours of 12.88% by going 
from 6458 to 5656. 
           On the contrary, Overnight Toilet Care increased as 51.56% (1 mL), slighlty 
higher than using Liquid Drain Care at 1 mL. 
 
5.3.4 Clay vs LLMO + Clay 
           Without the presence of LLMO, clay removal peaked at 12.87% at 12 hours. 
However, clay alone in this scenario removed more than with clay and LLMO at 
similar conditions: clay removed 10.39% at hour 24 and 1 g, while  
clay removal was only 4.03% at 1 g of clay at 24 hours. However, the absence of clay 
removed 49.25%, while the highest removal rate was 47.16 was completed at an 
application of 0.5 g of clay. 
 
5.3.5 Overall 
           LLMO had the highest %TOC removal with E1 (73.5%), N1 (49.25%), and 
G1 (35.55%). Baker's Yeast was the second most effective microorganism with a 
removal of 23.36%, while Enforcer Liquid Drain Care removed as much as 12.88% at 
the highest dose (10 mL). Brewer's Yeast and Toilet proved to be the worst 
microorganisms applied as they increased the TOC concentration over 24 hours 
(29.26% with Brewer Yeast) and 51.56% increase with Toilet Care. 
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Analysis from the entire experiment indicated the baker‟s yeast was the only 
microorganism that did not produce zeroes during the runs. Also the runs involving 
the Enforcer products appears to have shown %TOC removal at specific 
concentrations—150 ppm Carnation Breakfast Essentials for Overnight Toilet Care 
due to the inhibition of Sulfuric Acid at low concentrations and 20, 50, and 100 ppm 
Carnation Breakfast Essentials for Liquid Drain Care due to the presence of nutrients 
in higher quantities at 150 ppm. Finally, the LLMO species appeared to have the 
ability in all three experiments to degrade well, reaching numbers close to 80% for 
example with E-1.  
 
5.4 dS/dt Results 
In addition to the comparisons that were made, Figures XXIX, XXX, and  XXXI 
displayed  dS/dt (and 1/dS/dt) calculations were made across three types of three 
microorganisms. These graphs were produced by taking dS/dt between each two hour 
interval. The values that used were the lowest removal for each substrate condition 
chosen. First, a dS/dt graph was produced considering baker‟s yeast with the 
condition of medium dosage (5.5 mL) of yeast at two concentrations 20 and 50 mg/L 
at 24 hours. From the graph, it appears that dS/dt is increasing at the concentration is 
increasing as an exponential graph. 
Second, in order to make an analysis similar to the first graph, the next two graphs 
were conducted at 1/(dS/dt). The reason why graphs were developed over this interval 
is because the graphs at dS/dt resemble exponential form. Therefore, in order to 
provide an adequate comparison, the decision was to change Figures XXIX and 
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XXX.With the exception of the lower values of the graph, the trend is more linear 
that it is exponential. For the third graph, 1/dS/dt for LLMO species is the closest 
graph to the Mendel Mentis graph. According to the results, there is not a point where 
dS/dt does not differ between two different substrates. However, this is a trend based 
on a few values. It would be interesting to note over a higher spectrum of 
concentrations. 
 
5.5 Ln(TOC) and K values 
For Figures XXXII- XXXIV and Tables XLIX-LII the Ln(TOC) vs Time (hour) were 
determined. The graphs were comparing the three major types of microorganisms. 
Figure XXXII and Table XLIX produced values for Enforcer Liquid Drain Care at 20 
ppm with doses of (1 ml, 5.5 mL, and 10 mL) and Overnight Toilet Care at 150 ppm 
with a 1 mL dose. Figure XXXIII and Table L  considered values of 20 ppm with a 1 
mL dose and 50 ppm with a 5.5 mL dose of baker‟s yeast. For brewer‟s yeast, two 
components involved were 50 ppm with a 10 mL dose and 20 ppm with 1 mL dose. 
Finally, Figure XXXIV and Table LI involved two LLMO species G1 and E1 at 50 
mg/L and 5.5 mL dose. 
After developing the graphs, an assessment was made on the performance of the three 
microorganisms. Three separate figure and tables were made for each microorganism 
type with Carnation Breakfast Essential Wastewater concentration at 50 ppm and an 
application of the microorganism at 5.5 mL (Figures XXXII-XXXIV and Tables 
XLIX - LI). Table LII compares the K-values with the various microorganisms. 
According to the results the comparison of K-value constants remains consistent with 
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the results that were provided from the experiment as G-1 (representing an LLMO 
microorganism) with a K-value of -0.0288, with Baker‟s Yeast having the second best 
K-value at -0.0076. Enforcer Liquid Drain Care recorded a result of 0.0148 for its K-
value, signifying an increase in Ln(TOC) over a given time. However, it is important 
to note that the R
2
 values were very low (0.38 for G1, 0.15 for Baker‟s Yeast and 0.1 
for Liquid Drain Care). Since the R
2
 are very low, it shows that the data produced is 
not linear as values oscillate over the 24 hour time interval.   
 
 
 
 
 
 
 
 
  78 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER VI 
 
CONCLUSIONS 
 
 
6.1 Conclusions 
Based on the results of this research, the following conclusions are obtained: 
1. Two factors are important in the selection of  suitable synthetic food 
processing wastewaters:    
First, solubility was an important factor. Substrates that have poor solubility can 
make the determination of TOC very difficult as they settle at the bottom of the 
vials and therefore cannot allow proper determination of %TOC removed by the 
Analyzer. Second, the contents of the substrate are very important for synthesis. 
The microorganisms used within the experiment preferred the use of high order 
polysaccharides such as milk for the purpose of degrading compounds into simple 
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sugars for microbial growth, while entities such as dyes, colorings, and simple 
sugars are not readily available for use. 
2. In regards to the choice of microorganisms, there are two major characteristics 
of the microorganisms chosen that were essential in removing organic carbon 
from synthetic wastewater. First, the mixture of nutrients within the 
microorganisms has a major impact on the %TOC removed from the 
wastewater. Because the various microorganisms chosen (Beer Yeast, 
Enforcer products) are surrounded with nutrients and also because the 
concentration of Carnation® Breakfast Essentials is very small, the removal 
efficiency is highly affected. In addition, the breakdown of nutrients into 
simple sugars will also increase the amount of carbon present over a given 
time frame. Second, the dose of microorganisms can have either a positive or 
negative impact. If high dose of microorganisms have low nutrient presence 
prior to entrance into the sample bottles, the %TOC removal will be increased 
as compared to having a high dose and high nutrient presence, the %TOC 
removal will decrease. 
 
 6.2 Engineering Significance 
 As stated in previous sections, food processing wastewater has a very high 
concentration of BOD and TSS, especially waste produced from the diary industry. 
While the waste treated throughout the experiment contains only a partial percentage 
of milk, nevertheless it is still important to understand the high amount of constituents 
that are still present within the system. 
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 The results from this experiment can be applied to develop knowledge and an 
understanding of how food processing wastewater behaves. The idea the behaviors of 
wastewaters such as the ditching process within Hershey‟s Cocoa and also the 
consideration of the proteins present in flour can determine the proper conditions such 
as pH are adjusted in order to be able to properly treat these wastewaters using 
biological treatment.  
 In  regards to the removal of dietary supplement wastewater, one would 
surmise that the wastewater would eventually be transported to a municipal 
wastewater treatment plant. However, because of the various constituents that are 
present, specifically the high concentration of BOD and TSS, it would be important to 
provide preliminary treatment. Having the advantage of simulating an aerobic batch 
reactor on a laboratory scale becomes important in determining the type of 
microorganisms that would be able to degrade the constituents present within the 
wastewater. While LLMO proves to have the best %TOC removal overall, the use of 
yeast species is preferred simply because of the following products. The resulting 
combination of bacteria and microorganisms produces new bacteria that will be either 
reused or will undergo further treatment as waste sludge. On the other hand, the new 
yeast has more uses other than the fate of bacteria, specifically in bioremediation and 
agricultural applications.   
 
6.3 Recommendations 
 After doing this experiment, the following recommendations are to be 
considered: 
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1. Use all yeast products that are in powder form. While it is interesting to 
see the %TOC removal from brewer‟s yeast that have been used in the 
brewing industry, it is very difficult to analyze their ability to degrade 
wastewater, especially if the wastewater also contains the nutrients from 
the brewing process 
2. Use all substrates in powder form. Slim Fast was a very admirable 
substrate for the purpose of creating a synthetic wastewater. However, to 
avoid constant spending on liquid and recalibration, it is better to use a 
substrate that does not have to be refrigerated as it can affect the results. 
 The Environmental Protection Agency does require specific concentrations of 
wastewater characteristics Therefore, it is imperative by delving into preliminary 
experiments such as the one conducted for the last six months for the purpose of 
choosing the proper microorganism species that would properly reduce specific 
constituents meeting the treatment requirements necessary for the treatment plant. 
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APPENDIX A 
  
CALLIBRATION CURVES 
 
 
 
Table XI. Calibration Curve of Kool-Aid 
 
Kool Aid TOC of Run#1 TOC of Run #2 TOC of #3 
conc. of Kool Aid 
(g/l) 
#1 736.1 720.9 728.5 2 
#2 143.2 127.8 135.5 0.4 
#3 30.31 6.948 18.629 0.08 
#4 0 5.288 2.644 0.016 
 
 
 
 
Figure I. TOC Calibration Curve of Kool-Aid 
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XII. Calibration Curve for Gatorade 
 
Gatorade TOC of 
#1 
TOC #2 TOC #3 Conc. of Gatorade 
(g/l) 
#1 96.98 112.2 104.59 2 
#2 26.79 25.75 26.27 0.4 
#3 6.941 6.769 6.855 0.08 
 
 
 
 
Figure II. Calibration Curve for Gatorade 
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Table XIII. Calibration Curve for Carnation Breakfast 
 
Carnation 
Breakfast  
TOC of 
Run#1 
(mg/L) 
TOC of 
Run #2 
(mg/L) 
Average 
Conc.of Carnation 
Breakfast (g/l) 
#1 329.8 325.8 327.8 1 
#2 159.6 151.5 155.55 0.5 
#3 75.27 70.32 72.795 0.25 
#4 34.02 34.22 34.12 0.125 
 
 
 
 
Figure III. Calibration Curve for Carnation Breakfast 
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Table XIV. Calibration Curve of Slim Fast 
 
Concen TOC 
(g/L), by wt (ppm) 
10 376 
5 198.8 
2.5 91.565 
1.25 46.825 
0.625 23.79 
 
 
 
 
Figure IV. Calibration Curve of Slim Fast 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  95 
Table XV. Calibration Curve for Coca 
 
Coca TOC of #1 conc of Coca, (mg/L) 
#1 106.1 2500 
#2 44.67 250 
#3 38.38 25 
#4 25.74 2.5 
 
 
 
Figure V. Calibration Curve for Coca  
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APPENDIX B 
 
RESULTS FROM PRELIMINARY STUDIES 
 
 
PRELIMINARY EXPERIMENT PROCCEDURES 
 
Prepare Stock Solution [Stock solution preparation has been done at medium 
strength, 100 mg/L] 
 
1. Measure 1 gram of flour in Petri dish on scale 
2. Take 1 L volumetric flask and fill with hot tap water until meniscus is below 
the point desired on the flask. Use small plastic beaker to fill flask slowly 
when flask is filled to about 85% capacity. Pour water into a 2L container. 
Complete twice to measure 2 L. 
3. From Petri dish, add 1 gram of flour into the beaker. Place magnets into 
beaker and place onto stirrer and stir until flour has been completely dissolved 
into hot water. 
Prepare bottles with LLMO (only) 
 
1.   Using 10 ml syringe, extract mixture and place into empty bottle. Complete 5 
times to measure 50 mL. 
2. From marked bottle for bacteria (G1, yeast), add (0, 1, 3, 5, 10 ml) of bacteria 
into bottle containing flour mixture. 
3. Add dechlorinated water until volume reaches 100 mL. 
4. Repeat until desired number of bottles with bacteria. 
5. Place bottle in box and shaker.  
Preparation for TOC 
 
1. Remove bottles at desired shaking date and or time. Replace removed bottles 
with empty ones. 
2. Take filter paper from tray and place into Gooch crucible. 
3. Using vacuum filtration, place Gooch crucible on stopper on the outside of the 
Erlenmeyer flask. Ensure that plastic test tube is inserted into flask.  
4. Pour small amount of water to wet filter paper.  
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5. Remove filtered contents from test tube and rinse. 
6. Repeat vacuum filtration by pouring significant amount of content (content 
will be poured into a 40 mL beaker. 
7. Add 2-3 drops of concentration H2SO4 into beaker. Cover with lid 
8. Place into refrigerator for storage.  
9. Repeat steps 1-7 for all shaken bottles. 
Prepare bottles with Clay (only) 
 
1. Using scooper, weigh clay onto scale (0, 0.5, 1.0, 1.5, 2.0) (mg/g ?).  
2. Pour clay into empty bottle. 
3. Extract 50 mL of flour mixture and place into bottle with clay. 
4. Add dechlorinated water until volume reaches 100 mL. 
5. Repeat until desired number of bottles with clay. 
6. Place bottle in box and shaker.  
7. Repeat steps labeled “Preparation for TOC” 
10. Repeat steps 1-7 for all shaken bottles. 
Prepare bottles with clay, LMNO/Yeast, flour  
 
1. Using scooper, weigh clay onto scale (0, 0.5, 1.0, 1.5, 2.0).   
2. Pour clay into empty bottle. 
3. Extract 50 mL of flour mixture and place into bottle with clay. 
4. From marked bottle for bacteria, add (1, 3, 5, 10 ml) of bacteria into bottle 
containing flour mixture. 
5. Add dechlorinated water until volume reaches 100 mL. 
6. Repeat until desired number of bottles with clay. 
7. Place bottle in box and shaker.  
8. Repeat steps labeled “Preparation for TOC” 
 
  98 
Table XVI. Run #1 TOC vs Time with Gold Medal All-Purpose Flour using  
 
                    Yeast and G1 
 
Run #1 TOC vs Time with Gold Medal All-Purpose Flour using Yeast and G1   
Set WW LLMO LLMO Dosage (mL) WW Dosage (mg/L) shaking time (hr) 
1 Flour G1 0 100 2 
2 Flour G1 1 100 2 
3 Flour G1 3 100 2 
4 Flour G1 5 100 2 
5 Flour G1 10 100 2 
6 Flour G1 0 100 4 
7 Flour G1 1 100 4 
8 Flour G1 3 100 4 
9 Flour G1 5 100 4 
10 Flour G1 10 100 4 
11 Flour G1 0 100 6 
12 Flour G1 1 100 6 
13 Flour G1 3 100 6 
14 Flour G1 5 100 6 
15 Flour G1 10 100 6 
16 Flour G1 0 100 12 
17 Flour G1 1 100 12 
18 Flour G1 3 100 12 
19 Flour G1 5 100 12 
20 Flour G1 10 100 12 
21 Flour G1 0 100 24 
22 Flour G1 1 100 24 
23 Flour G1 3 100 24 
24 Flour G1 5 100 24 
25 Flour G1 10 100 24 
26 Flour G1 0 100 48 
27 Flour G1 1 100 48 
28 Flour G1 3 100 48 
29 Flour G1 5 100 48 
30 Flour G1 10 100 48 
31 Flour Yeast 0 100 2 
32 Flour Yeast 1 100 2 
33 Flour Yeast 3 100 2 
34 Flour Yeast 5 100 2 
35 Flour Yeast 10 100 2 
36 Flour Yeast 0 100 4 
37 Flour Yeast 1 100 4 
38 Flour Yeast 3 100 4 
39 Flour Yeast 5 100 4 
40 Flour Yeast 10 100 4 
41 Flour Yeast 0 100 6 
42 Flour Yeast 1 100 6 
43 Flour Yeast 3 100 6 
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44 Flour Yeast 5 100 6 
45 Flour Yeast 10 100 6 
46 Flour Yeast 0 100 12 
47 Flour Yeast 1 100 12 
48 Flour Yeast 3 100 12 
49 Flour Yeast 5 100 12 
50 Flour Yeast 10 100 12 
51 Flour Yeast 0 100 24 
52 Flour Yeast 1 100 24 
53 Flour Yeast 3 100 24 
54 Flour Yeast 5 100 24 
55 Flour Yeast 10 100 24 
56 Flour Yeast 0 100 48 
57 Flour Yeast 1 100 48 
58 Flour Yeast 3 100 48 
59 Flour Yeast 5 100 48 
60 Flour Yeast 10 100 48 
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Table XVII. Run #2 TOC vs Time with Gold Medal All-Purpose Flour, Potato  
                       
                      Starch and Clay Adsorption 
 
 
Run #2 TOC vs Time with Gold Medal All-Purpose Flour, Potato Starch and Clay 
Adsorption 
Set WW Clay adsorption 
(mL) 
WW Strength  
(mg/L) 
Shaking Time (hr) 
1 Flour 0 50 48 
2 Flour 0.5 50 48 
3 Flour 1 50 48 
4 Flour 1.5 50 48 
5 Flour 2 50 48 
6 Flour 0 100 48 
7 Flour 0.5 100 48 
8 Flour 1 100 48 
9 Flour 1.5 100 48 
10 Flour 2 100 48 
11 Flour 0 150 48 
12 Flour 0.5 150 48 
13 Flour 1 150 48 
14 Flour 1.5 150 48 
15 Flour 2 150 48 
16 Starch 0 50 48 
17 Starch 0.5 50 48 
18 Starch 1 50 48 
19 Starch 1.5 50 48 
20 Starch 2 50 48 
21 Starch 0 100 48 
22 Starch 0.5 100 48 
23 Starch 1 100 48 
24 Starch 1.5 100 48 
25 Starch 2 100 48 
26 Starch 0 150 48 
27 Starch 0.5 150 48 
28 Starch 1 150 48 
29 Starch 1.5 150 48 
30 Starch 2 150 48 
31 Mix 0 50 48 
32 Mix 0.5 50 48 
33 Mix 1 50 48 
34 Mix 1.5 50 48 
35 Mix 2 50 48 
36 Mix 0 100 48 
37 Mix 0.5 100 48 
38 Mix 1 100 48 
39 Mix 1.5 100 48 
40 Mix 2 100 48 
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41 Mix 0 150 48 
42 Mix 0.5 150 48 
43 Mix 1 150 48 
44 Mix 1.5 150 48 
45 Mix 2 150 48 
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Table XVIII. Run #3 TOC vs Time with Gold Medal All-Purpose Flour and  
 
                       Clay Adsorption 
 
Run #3 TOC vs Time with Gold Medal All-Purpose Flour and Clay Adsorption 
Set WW Clay adsorption (mL) WW Strength (mg/L) Shaking Time (hr) 
1 Flour 0 50  48 
2 Flour 0.5 50  48 
3 Flour 1 50 48 
4 Flour 1.5 50  48 
5 Flour 2 50 48 
6 Flour 0 100 48 
7 Flour 0.5 100 48 
8 Flour 1 100 48 
9 Flour 1.5 100 48 
10 Flour 2 100 48 
11 Flour 0 150 48 
12 Flour 0.5 150 48 
13 Flour 1 150 48 
14 Flour 1.5 150 48 
15 Flour 2 150 48 
16 Starch 0 50 48 
17 Starch 0.5 50- 48 
18 Starch 1 50 48 
19 Starch 1.5 50 48 
20 Starch 2 50 48 
21 Starch 0 100 48 
22 Starch 0.5 100 48 
23 Starch 1 100 48 
24 Starch 1.5 100 48 
25 Starch 2 100 48 
26 Starch 0 150 48 
27 Starch 0.5 150 48 
28 Starch 1 150 48 
29 Starch 1.5 150 48 
30 Starch 2 150 48 
31 Mix 0 50 48 
32 Mix 0.5 50 48 
33 Mix 1 50 48 
34 Mix 1.5 50 48 
35 Mix 2 50 48 
36 Mix 0 100 48 
37 Mix 0.5 100 48 
38 Mix 1 100 48 
39 Mix 1.5 100 48 
40 Mix 2 100 48 
41 Mix 0 150 48 
42 Flour 0.5 150 48 
43 Flour 1 150 48 
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44 Flour 1.5 150 48 
45 Flour 2 150 48 
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Table XIX. Run #4 TOC vs Time with Gold Medal All-Purpose Flour, Potato  
                     
                    Starch, Clay Adsorption, and LLMO N1 
 
Run #4 TOC vs Time with Gold Medal All-Purpose Flour, Potato Starch, Clay Adsorption, and LLMO N1 
Set WW Clay adsorption 
(mL) 
WW Strength 
(mg/L) 
LLMO LLMO Dosage (mL) Shaking Time 
(hr) 
1 Flour 0 50 N1 0 48 
2 Flour 0.5 50 N1 1 48 
3 Flour 1 50 N1 3 48 
4 Flour 1.5 50 N1 5 48 
5 Flour 2 50 N1 10 48 
6 Flour 0 100 N1 0 48 
7 Flour 0.5 100 N1 1 48 
8 Flour 1 100 N1 3 48 
9 Flour 1.5 100 N1 5 48 
10 Flour 2 100 N1 10 48 
11 Flour 0 150 N1 0 48 
12 Flour 0.5 150 N1 1 48 
13 Flour 1 150 N1 3 48 
14 Flour 1.5 150 N1 5 48 
15 Flour 2 150 N1 10 48 
16 Starch 0 50 N1 0 48 
17 Starch 0.5 50 N1 1 48 
18 Starch 1 50 N1 3 48 
19 Starch 1.5 50 N1 5 48 
20 Starch 2 50 N1 10 48 
21 Starch 0 100 N1 0 48 
22 Starch 0.5 100 N1 1 48 
23 Starch 1 100 N1 3 48 
24 Starch 1.5 100 N1 5 48 
25 Starch 2 100 N1 10 48 
26 Starch 0 150 N1 0 48 
27 Starch 0.5 150 N1 1 48 
28 Starch 1 150 N1 3 48 
29 Starch 1.5 150 N1 5 48 
30 Starch 2 150 N1 10 48 
31 Mix 0 50 N1 0 48 
32 Mix 0.5 50 N1 1 48 
33 Mix 1 50 N1 3 48 
34 Mix 1.5 50 N1 5 48 
35 Mix 2 50 N1 10 48 
36 Mix 0 100 N1 0 48 
37 Mix 0.5 100 N1 1 48 
38 Mix 1 100 N1 3 48 
39 Mix 1.5 100 N1 5 48 
40 Mix 2 100 N1 10 48 
41 Mix 0 150 N1 0 48 
42 Mix 0.5 150 N1 1 48 
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43 Mix 1 150 N1 3 48 
44 Mix 1.5 150 N1 5 48 
45 Mix 2 150 N1 10 48 
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Table XX. Run #1 TOC vs Time with Slim Fast, LLMO G1 and Baker’s Yeast 
 
Run #1 TOC vs Time with Slim Fast, LLMO G1 and Baker’s Yeast 
Bottle no. WW WW TOC (mg/L) Microorgan type Dosage  (mL) shaking time (hr) 
1 Slim 100 Baker Yeast 5.5 0 
2 Slim 100 Baker Yeast 5.5 2 
3 Slim 100 Baker Yeast 5.5 4 
4 Slim 100 Baker Yeast 5.5 6 
5 Slim 100 Baker Yeast 5.5 12 
6 Slim 100 Baker Yeast 5.5 24 
7 Slim 50 G1 5.5 0 
8 Slim 50 G1 5.5 2 
9 Slim 50 G1 5.5 4 
10 Slim 50 G1 5.5 6 
11 Slim 50 G1 5.5 12 
12 Slim 50 G1 5.5 24 
13 Slim 100 G1 5.5 0 
14 Slim 100 G1 5.5 2 
15 Slim 100 G1 5.5 4 
16 Slim 100 G1 5.5 6 
17 Slim 100 G1 5.5 12 
18 Slim 100 G1 5.5 24 
19 Slim 150 G1 5.5 0 
20 Slim 150 G1 5.5 2 
21 Slim 150 G1 5.5 4 
22 Slim 150 G1 5.5 6 
23 Slim 150 G1 5.5 12 
24 Slim 150 G1 5.5 24 
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Table XXI. Run  #3 Slim Fast and Carnation Breakfast/Slim Fast Mix, clay  
   
                    adsorption, medium strength N1 
 
 
 
 
 
 
Run #3 Slim Fast and Carnation Breakfast/Slim Fast Mix, clay adsorption, medium strength N1 
Bottle no. WW WW TOC (mg/L) LLMO Type LLMO dosage  (mL) Clay (g) Shaking Time 
(hr) 
1 Slim 50 N1 0 0 0 
2 Slim 100 N1 0 0 0 
3 Slim 150 N1 0 0 0 
4 Slim 50 N1 5.5 0 24 
5 Slim 50 N1 5.5 0.5 24 
6 Slim 50 N1 5.5 1 24 
7 Slim 50 N1 5.5 1.5 24 
8 Slim 50 N1 5.5 2 24 
9 Slim 100 N1 5.5 0 24 
10 Slim 100 N1 5.5 0.5 24 
11 Slim 100 N1 5.5 1 24 
12 Slim 100 N1 5.5 1.5 24 
13 Slim 100 N1 5.5 2 24 
14 Slim 150 N1 5.5 0 24 
15 Slim 150 N1 5.5 0.5 24 
16 Slim 150 N1 5.5 1 24 
17 Slim 150 N1 5.5 1.5 24 
18 Slim 150 N1 5.5 2 24 
19 Mix 50 N1 5.5 0 24 
20 Mix 50 N1 5.5 0.5 24 
21 Mix 50 N1 5.5 1 24 
22 Mix 50 N1 5.5 1.5 24 
23 Mix 50 N1 5.5 2 24 
24 Mix 100 N1 5.5 0 24 
25 Mix 100 N1 5.5 0.5 24 
26 Mix 100 N1 5.5 1 24 
27  Mix 100 N1 5.5 1.5 24 
28 Mix 100 N1 5.5 2 24 
29 Mix 150 N1 5.5 0 24 
30 Mix 150 N1 5.5 0.5 24 
31 Mix 150 N1 5.5 1 24 
32 Mix 150 N1 5.5 1.5 24 
33 Mix 150 N1 5.5 2 24 
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Table XXII. Run #1 TOC vs Time with Gold Medal All-Purpose Flour as  
 
                      Substrate and Yeast (5.5 mL) and G1(5.5 mL) as Microorganisms  
 
                      Results. 
 
 Yeast     
 Clay Adsorption (g)    
Time (h) 0 1 3 5 10 
2 0 0 0 0 0 
4 0 0 13.68 13.62 15.44 
6 16.79 16.95 15.38 17.33 16.02 
12 15.21 15.01 13.37 14.19 14.69 
24 19.65 16.19 14.57 14.69 22.14 
48 27.66 16.91 15.92 0 0 
 G1     
 Clay 
adsorption 
(g) 
    
Time(h) 0 1 3 5 10 
2 0 20.36 18.09 20.32 20.66 
4 0 0 0 0 0 
6 0 22.89 19.57 15.84 18.67 
12 16.01 20.16 17.61 19.47 23.34 
24 20.62 20.88 17.84 12.26 16.83 
48 16.76 16.06 17.47 18.42 15.45 
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Table XXIII. Run #2 Clay Adsorption vs Time with Gold Medal All-Purpose  
 
                        Flour as Substrate and LLMO G-1 (5.5 mL) as Microorganisms  
 
                        Results. 
 
Flour    
Adsorbent Wastewater Strength  
(g) TOC (mg/L)  
 Low 
(50 mg/L) 
Medium     
(100 
mg/L) 
High            
(150 
mg/L) 
0 3.78 3.45 6.693 
0.5 2.499 5.564 3.147 
1 3.326 3.278 2.919 
1.5 3.181 3.76 4.565 
2 3.222 4.999 4.338 
    
Potato Starch   
Adsorbent Wastewater Strength  
(g) TOC (mg/L)   
 Low 
(50 mg/L) 
Medium 
(100 
mg/L) 
High 
(150 
mg/L) 
0 3.808 3.119 4.07 
0.5 2.548 3.023 0 
1 3.808 4.276 4.235 
1.5 9.152 3.181 2.954 
2 3.56 4.07 4.4 
    
Flour and Potato Starch  
Adsorbent Wastewater Strength  
(g) TOC (mg/L)  
 Low 
(50 mg/L) 
Medium 
(100 
mg/L) 
High 
(150 
mg/L) 
0 12.22 4.111 4.503 
0.5 5.956 0 4.558 
1 4.937 0 0 
1.5 0 3.009 1.707 
2 1.604 0 3.746 
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Table XXIV. Run#3 Clay Adsorption vs Time with Gold Medal All-Purpose  
 
                       Flour and Potato Starch as Substrate Results. 
 
Flour    
Adsorbent Wastewater Strength  
(g) TOC (mg/L)  
 Low 
(50 mg/L) 
Medium 
(100 
mg/L) 
High 
(150 
mg/L) 
0 0 13.95 20.71 
0.5 0 13.86 11.29 
1 11.24 11.39 20.58 
1.5 11.53 10.56 14.25 
2 11.55 11.99 13.7 
    
Potato Starch   
Adsorbent Wastewater Strength  
(g) TOC (mg/L)   
 Low 
(50 mg/L) 
Medium 
(100 
mg/L) 
High 
(150 
mg/L) 
0 9.078 14.31 15.92 
0.5 8.812 11.45 10.4 
1 8.91 18.24 11.5 
1.5 20.74 16.86 13.96 
2 16.41 14.92 0 
    
Flour and Potato Starch  
Adsorbent Wastewater Strength  
(g) TOC (mg/L)  
 Low 
(50 mg/L) 
Medium 
(100 
mg/L) 
High 
(150 
mg/L) 
0 12.1 28.83 17.18 
0.5 13.07 17.38 23.48 
1 14 22.52 18.07 
1.5 13.3 17.18 14.18 
2 12.77 22.52 12.32 
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Table XXV. Run #4 TOC vs Adsorbent using Gold Medal All-Purpose   
                       
                      Flour and Potato Starch as Substrate and LLMO N-1 (5.5 mL  
 
                      dosage) as Microorganisms.  
                    
 
Flour    
Adsorbent Wastewater Strength  
(g) Low      
(50 ppm) 
Medium 
(100 ppm) 
High 
(150 ppm) 
0 5.109 5.13 1.831 
0.5 3.229 1.42 1.46 
1 2.892 0 3.76 
1.5 3.587 6.287 3.622 
2 3.78 4.641 3.05 
    
Potato Starch   
Adsorbent Wastewater Strength  
(g) Low 
(50 ppm) 
Medium 
(100 ppm) 
High 
(150 ppm) 
0 6.48 0 0 
0.5 0 0 0 
1 1.391 0 0 
1.5 3.863 1.522 0 
2 0 0 0 
    
Flour and Potato Starch  
Adsorbent Wastewater Strength  
(g) Low 
(50 ppm) 
Medium 
(100 ppm) 
High 
(150 ppm) 
0 12.67 0 0 
0.5 9.365 0 0 
1 0 4.035 0 
1.5 12.56 0 0 
2 4.965 0 4.448 
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Table XXVI. Run #1 Kool Aid Run %TOC removed vs Time Results 
 
 
 TOC 
(mg/L) 
   
 Kool Aid    
Hour  Low      
(50 ppm)            
Medium 
(100 ppm) 
High    
(150 ppm) 
Yeast   
(5.5 mL),  
0 0 0 0 0 
2 6.79 -10.18 -3.1 10 
4 1.98 -61.12 -6.1 60.9 
6 -0.73 -13.92 -15 8.8 
12 5.11 -21.92 -18.6 11.6 
24 1.89 -17.2 7.5 -1.2 
 
 
 
 
 
 
Figure VI. Run #1 Kool Aid Run %TOC removed vs Time Results [Low,  
 
                   Medium, High Wastewater] 
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Table XXVII. Run #1 Slim Fast TOC measured vs Time Results, G1 dosage (5.5   
                          
                         mL) and Yeast (5.5 mL) 
 
 TOC 
(mg/L) 
   
 Slim Fast    
Hour Low         
(25 ppm) 
Medium       
(100 ppm)  
High                    
(150 ppm) 
Yeast 
(100 ppm 
WW) 
0 39.22 68.47 103.7 78.84 
2 30.43 87.81 118.7 66.19 
4         34.37         79.49 91.86 61.8 
6         34.38         62.51           91.7  66.92 
12 33.07 88.5 99.63 32.5 
24         20.52         66.95 91.13         33.73 
 
 
 
 
 
 
Figure VII. Run #1 Slim Fast TOC measured vs Time Results 
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Table XXVIII. Slim Fast TOC measured vs Clay Adsorption Results using  
 
                          LLMO N1 
     
Low          
(50 ppm)   
Medium         
(100 ppm)   
High         
(150 ppm)   
Clay TOC (ppm) Clay  TOC (ppm) Clay TOC (ppm) 
No Shaking 42.33 No Shaking 110.7 No Shaking 0 
0 35.03 0 75.22 0 114 
0.5 29.13 0.5 62.39 0.5 92.78 
1 26.16 1 75.25 1 101.7 
1.5 26.63 1.5 79.81 1.5 97.62 
2 25.4 2 70.55 2 97.58 
 
 
 
Figure VIII. Slim Fast TOC measured vs Time Results 
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Table XXIX. Slim Fast TOC and Carnation Breakfast TOC measured vs Time  
 
Results 
 
Low          
(50 ppm)   
Medium         
(100 ppm)   
High          
(150 ppm)   
Clay (g) TOC (ppm) Clay (g) TOC (ppm) Clay (g) TOC (ppm) 
No Shaking 0 No Shaking 0 No Shaking 189 
0 37.03 0 97.77 0 130 
0.5 35.3 0.5 90.66 0.5 112 
1 25.31 1 79.35 1 112.8 
1.5 12.93 1.5 78.93 1.5 114.7 
2 53.61 2 130 2 97.3 
 
 
 
 
 
 
 
Figure IX. Slim Fast TOC and Carnation Breakfast TOC [Mix] measured vs    
                   Time Results 
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APPENDIX C 
 
 
RESULTS FROM PRIMARY STUDIES 
 
 
Table XXX. Run #1 Carnation Breakfast Essentials with low, medium, high    
                        
                      strength of G1 and medium strength baker’s yeast Results 
 
 TOC  
 Carnation's Breakfast 
 Low  
Hour TOC %Removed 
0 55.6 0 
2 69.8 -25.53956835 
4 26.25 -52.78776978 
6 55.64 0.071942446 
12 44.31 20.3057554 
24 26.23 52.82374101 
 Medium  
Hour TOC %Removed 
0 101.8 0 
2 137.8 -35.36345776 
4 145.2 -42.63261297 
6 74.7 45.34381139 
12 18.3 82.02357564 
24 161.3 -58.44793713 
 High  
Hour TOC %Removed 
0 141 0 
2 136.7 3.04964539 
4 143 -1.418439716 
6 143.8 -1.985815603 
12 96.45 31.59574468 
24 88.52 37.21985816 
 Yeast  
Hour TOC %Removed 
0 94.88 0 
2 105.5 -11.193086 
4 101.4 -6.871838111 
6 78.43 17.33768971 
12 61.15 35.55016863 
24   
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Figure X. Run #1 Carnation Breakfast Essentials with low, medium, high  
                 strength of G1 and medium strength baker’s yeast Results  
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Table XXXI. Run  #2 Carnation Breakfast Essentials, medium strength and clay  
                        
                       Adsorption only Results 
 
Carnation Breakfast, Medium 
0 g   
Time (h) TOC (ppm) %Removed 
0 102.5 0 
2 87.71 14.42926829 
4 104 -1.463414634 
6 105.2 -2.634146341 
12 120.8 -17.85365854 
24 78.81 23.11219512 
0.5 g   
Time (h) TOC (ppm) %Removed 
0 87.41 0 
2 92.41 -5.72 
4 115.8 -32.48 
6 81.8 6.42 
12 78.21 10.53 
24 74.81 14.41 
1.0 g   
Time (h) TOC (ppm) %Removed 
0 82.16 0 
2 96.29 -17.20 
4 102.6 -24.88 
6 103.7 -26.22 
12 71.59 12.87 
24 73.62 10.39 
1.5 g   
Time (h) TOC (ppm) %Removed 
0 87.19 0 
2 96.34 -10.49 
4 97.23 -11.52 
6 84.29 3.33 
12 66.77 23.42 
24 95.54 -9.58 
2.0 g   
Time (h) TOC (ppm) %Removed 
0 94.64 0 
2 98.18 -3.74 
4 88.45 6.54 
6 103.1 -8.94 
12 64.47 31.88 
24 177.1 -87.13 
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Figure XI. Run  #2 Carnation Breakfast Essentials, medium strength and clay  
                   adsorption only Results    
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Table XXXII. Run  #3 Clay adsorption, Carnation Breakfast Essentials with  
 
                         low, medium, high strength of N1 Results 
 
Run #3 [Carnation Breakfast] 
Summary 
Low 
 (1 mL) 
  
Clay (g)  TOC (ppm) %Removal 
No 
Shaking 
99.08 0 
0 44.36 55.22809851 
0.5 39.21 60.42591845 
1 27.97 71.77028664 
1.5 27.26 72.48687929 
2 30.22 69.49939443 
Medium 
(5.5 mL) 
  
Clay (g)   TOC (ppm) %Removal 
No 
Shaking 
123.4 0 
0 62.62 49.25445705 
0.5 65.2 47.1636953 
1 69.06 44.0356564 
1.5 66.01 46.50729335 
2 93.95 23.86547812 
High 
(10 mL) 
  
Clay (g)  TOC (ppm) %Removal 
No 
Shaking 
157 0 
0 143.5 8.598726115 
0.5 95.83 38.96178344 
1 147.3 6.178343949 
1.5 100.3 36.11464968 
2 181.9 -15.85987261 
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Figure XII. Run  #3 Clay adsorption, Carnation Breakfast Essentials with low,  
                    medium, high strength of N1 Results 
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Table XXXIII. Run #4 Carnation Breakfast Essentials with 20, 50 ppm of beer yeast  
     
                          Results 
 
 20 ppm, TOC (mg/L) 
 Low   
Hour TOC %Removed 
0 301.6 0 
2 836.9 -177.49 
4 N/a 0 
6 516.3 -71.19 
12 529.3 -75.50 
24 521.6 -72.94 
Hour Medium %Removed 
0 2035 0 
2 N/a 0 
4 2344 -15.18 
6 2561 -25.85 
12 2382 -17.05 
24 2905 -42.75 
Hour High %Removed 
0 3585 0 
2 3934 0 
4 N/a 0 
6 4610 -28.59 
12 4784 -33.44 
24 5426 -51.35 
 50 ppm,TOC (mg/L) 
Hour Low  %Removed 
0 499 0 
2 563.8 -12.99 
4 669 -34.07 
6 765.2 -53.35 
12 614.4 -23.13 
24 953.1 -91.00 
Hour Medium %Removed 
0 3196 0 
2 3794 -18.71 
4 3504 -9.64 
6 3666 -14.71 
12 N/a 0 
24 4131 -29.26 
Hour High %Removed 
0 6221 0 
2 5587 10.19 
4 6309 -1.41 
6 6458 -3.81 
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12 5999 3.57 
24 6458 -3.81 
 
 
 
 
 
 
 
 
 
Figure XIII. Run #4 Carnation Breakfast Essentials, 20 ppm with beer  
                      yeast Results  
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Figure XIV. Run #4 Carnation Breakfast Essentials, 50 ppm with baker’s yeast  
                      Results  
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Table XXXIV.  Run #5 Carnation Breakfast Essentials with 20, 50, 100, 150 ppm  
                            
                           baker’s yeast (5.5 mL) dose Results 
 
Yeast, 20 ppm  
Hour TOC %TOC removed 
0 44.31 0 
2 35.42 20.06 
4 34.39 22.39 
6 40.09 9.52 
12 34.22 22.77 
24 21 52.61 
   
Yeast, 50 ppm  
Hour TOC %TOC removed 
0 64.89 0 
2 46.87 27.77 
4 63.78 1.71 
6 58.78 9.42 
12 68 -4.79 
24 46.4 28.49 
   
Yeast, 100 ppm  
Hour TOC %TOC removed 
 
0 108.2 0 
2 107.8 0.37 
4 118.9 -9.89 
6 110.6 -2.22 
12 111.2 -2.77 
24 82.92 23.36 
   
Yeast, 150 ppm  
Hour TOC  
0 185.6 0 
2 196.2 5.71 
4 185.9 -0.16 
6 181.5 2.21 
12 200.1 -7.81 
24 160.1 13.74 
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Figure XV.  Run #5 Carnation Breakfast Essentials, 20 ppm with baker yeast       
                     Results 
 
 
 
Figure XVI. Run #5 Carnation Breakfast Essentials, 50 ppm with baker yeast        
                      Results 
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Figure XVII. Run #5 Carnation Breakfast Essentials, 100 ppm with baker yeast        
                      Results  
 
 
 
 
 
 
 
Figure XVIII. Run #5 Carnation Breakfast Essentials, 150 ppm with baker yeast  
                         Results  
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Table XXXV.  Run #6 Carnation Breakfast Essentials with medium strength  
                           
                          Enforcer Toilet Care Results 
 
Toilet Care, 25 ppm  
Hour TOC %TOC Removed 
0 25.71 0 
2 21.48 0 
4 N/a 0 
6 N/a 0 
12 N/a 0 
24 N/a 0 
   
Toilet  Care, 50 ppm  
Hour TOC %TOC Removed 
0 84.75 0 
2 N/a 0 
4 N/a 0 
6 N/a 0 
12 N/a 0 
24 N/a 0 
   
Toilet Care, 100 ppm  
Hour TOC %TOC Removed 
0 n/a 0 
2 n/a 0 
4 n/a 0 
6 n/a 0 
12 n/a 0 
24 n/a 0 
   
Toilet Care, 150 ppm  
Hour TOC %TOC removed 
0 176.5 0 
2 228.6 -29.52 
4 267.5 -51.56 
6 228.65 -29.55 
12 222.2 -25.89 
24 267.5 -51.56 
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Figure XIX. Run #6 Carnation Breakfast Essentials, 150 ppm with Enforcer   
                      Overnight Toilet Care Results 
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Table XXXVI.   Run #7 Carnation Breakfast Essentials with low dose Enforcer  
                            
                            Liquid Drain Results 
 
 20 mg/L, TOC (mg/L) 
 Low   
Hour TOC %Removed 
0 349.2 0 
2 450 -28.87 
4 528.2 -51.26 
6 401.8 -15.06 
12 227.9 34.74 
24 307.4 11.97 
   
 50 mg/L, TOC (mg/L) 
 Low   
Hour TOC %Removed 
0 259 0 
2 563.8 -117.68 
4 418.4 -61.54 
6 462.7 -78.65 
12 675.8 -160.93 
24 580.7 -124.21 
   
 100 mg/L, TOC (mg/L) 
 Low   
Hour TOC %Removed 
0 407.9 0 
2 577.4 -41.55 
4 651.3 -59.67 
6 697.5 -71.00 
12 N/a 0 
24 702.3 -72.17 
   
   
 150 mg/L, TOC (mg/L) 
 Low   
Hour TOC %Removed 
0 732.6 0 
2 1572 -114.58 
4 N/a 0 
6 N/a 0 
12 N/a 0 
24 702.3 4.14 
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Figure XX. Run #7 Carnation Breakfast Essentials, 20 ppm with Enforcer  
 
                     Liquid Drain Care Results 
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Table XXXVII.  Run #8 Carnation Breakfast Essentials with low medium dose  
                             
                            Enforcer Liquid Drain Results 
 
 20 mg/L, TOC (mg/L) 
 Medium  
Hour TOC %Removed 
0 3172 0 
2 2747 13.4 
4 3366 -6.12 
6 3165 0.22 
12 4368 -37.7 
24 3113 1.86 
   
 50 mg/L, TOC (mg/L) 
 Medium  
Hour TOC %Removed 
0 1594 0 
2 3718 -133.25 
4 3488 -118.82 
6 1594 0 
12 3698 -131.99 
24 3103 -94.67 
   
 100 mg/L, TOC (mg/L) 
 Medium  
Hour TOC %Removed 
0 3266 0 
2 4197 -28.51 
4 4376 -33.99 
6 3904 -19.53 
12 4217 0 
24 4030 -23.39 
   
 150 mg/L, TOC (mg/L) 
 Medium  
Hour TOC %Removed 
0 N/a 0 
2 1284 0 
4 N/a 0 
6 N/a 0 
12 N/a 0 
24 Na 0 
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Figure XXI. Run #8 Carnation Breakfast Essentials, 50 ppm with Enforcer  
 
                      Liquid Drain Care Results 
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Table XXXVIII. Run #9 Carnation Breakfast Essentials with high dose Enforcer  
                              
                             Liquid Drain Results 
 
 20 mg/L, TOC (mg/L) 
 High  
Hour TOC %Removed 
0 5219 0 
2 5326 -2.05 
4 6310 -20.9 
6 5770 -10.56 
12 5812 -11.36 
24 5645 -8.16 
   
 50 mg/L, TOC (mg/L) 
 High  
Hour TOC %Removed 
0 6458 0 
2 6419 0.6 
4 6558 -1.55 
6 6458 0 
12 5759 10.82 
24 5626 12.88 
   
 100 mg/L, TOC (mg/L) 
 High  
Hour TOC %Removed 
0 N/a 0 
2 6458 0 
4 6458 0 
6 6449 0 
12 6458 0 
24 6458 0 
   
   
 150 mg/L, TOC (mg/L) 
 High  
Hour TOC %Removed 
0 6458 0 
2 N/a 0 
4 Na 0 
6 N/a 0 
12 N/a 0 
24 N/a 0 
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Figure XXII. Run #9 Carnation Breakfast Essentials, 100 ppm with Enforcer  
                       Liquid Drain Care Results 
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Table XXXIX. Run #10 Carnation Breakfast Essentials with medium dose of E1 
 
E-1, 25 ppm  
Hour TOC %TOC Removed 
0 19.8 0 
2 0 0 
4 0 0 
6 10.22 48.38 
12 0 0 
24 15.4 22.22 
   
E-1, 50 ppm  
Hour TOC  
0 66.18 0 
2 47.3 28.53 
4 61.35 7.30 
6 38.9 41.22 
12 17.54 73.50 
24 10.88 77.00 
   
E-1, 100 ppm  
Hour TOC  
0 0 0 
2 130.3 0 
4 136.8 0 
6 128.9 0 
12 0 0 
24 0 0 
   
E-1, 150 ppm  
Hour TOC  
0 0 0 
2 186.8 0 
4 0 0 
6 203.6 0 
12 190.4 0 
24 198 0 
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Figure XXIII. Run #10 Carnation Breakfast Essentials, 150 ppm with Enforcer  
 
                         Liquid Drain Care Results 
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Table XL. Summary Table of Highest Removal Efficiency by Various  
                   
                  Microorganisms 
 
 
Run #1     Run #2      
G1 (5.5 mL), WW (50 mg/L) Clay Adsorption (0 g), WW (100 mg/L) 
Hour 
TOC 
(mg/L) %Removed Hour 
TOC 
(mg/L) %Removed  
0 55.6 0 0 102.5 0  
2 69.8 -25.5396 2 87.71 14.42927  
4 26.25 -52.7878 4 104 -1.46341  
6 55.64 7.1942 6 105.2 -2.63415  
12 44.31 20.30576 12 120.8 -17.8537  
24 26.23 52.82374 24 78.81 23.1122  
 
Run #3     Run #5     Run #10     
N1 (1 mL), WW (100 mg/L) Yeast (5.5 mL), WW (50 mg/L) E1 (5.5 mL), WW (50 mg/L) 
Clay (g) TOC (mg/L) %Removed Hour 
TOC 
(mg/L) %Removed Hour 
TOC 
(mg/L) %Removed 
No 
shaking 99.08 0 2 44.31 0 0 66.18 0 
0 44.36 55.22809 2 35.42 20.06 2 47.3 28.53 
0.5 39.21 60.42591 4 34.39 22.39 4 61.38 7.3 
1 27.97 71.770286 6 40.09 9.52 6 38.9 41.22 
1.5 27.26 72.48687 12 34.22 22.77 12 17.54 73.5 
2 30.22 69.49939 24 21 52.61 24 10.88 77 
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Figure XXIV. Highest Removal Efficiencies at Various Conditions 
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Table XLI. Comparison of TOC Removal Efficiency across 10 Runs at Various       
                     
                    Conditions 
 
Hour TOC (mg/L) %Removed Hour TOC (mg/L) %Removed Clay (g) TOC (mg/L) %Removed
0 94.88 0 0 82.16 0 No Shaking 123.4 0
2 105.5 -11.1931 2 96.29 -17.2 0 62.62 49.25
4 101.4 -6.87184 4 102.6 -24.88 0.5 65.2 47.16
6 78.43 17.33769 6 103.7 -26.22 1 69.06 4.03
12 61.15 35.55017 12 71.59 12.87 1.5 66.01 46.5
24 24 73.62 10.39 2 93.95 23.86
Run #3 N1, 5.5 mL (100 mg/L WW)Run #2 Clay (1.0 g), (100 mg/L WW)Run# 1G1, 5.5 mL (100 mg/L WW)
 
Run #5 Baker Yeast, 5.5 mL, 100 mg/L WW Run# 6 Toilet Care 1 mL, 150 mg/L WW
Hour TOC (mg/L) %Removed Hour TOC (mg/L) %Removed Hour TOC (mg/L) %Removed
0 3196 0 0 108.2 0 0 176.5 0
2 3794 -18.71 2 107.8 0.37 2 228.6 -29.52
4 3504 -9.64 4 118.9 -9.89 4 267.5 -51.56
6 3666 -14.71 6 110.6 -2.22 6 228.65 -29.55
12 n/a 0 12 111.2 -2.77 12 222.2 -25.89
24 4131 -29.26 24 82.92 23.36 24 267.6 -51.56
Run #4 Brewer Yeast, 5.5 mL, (100 mg/L WW)
 
Run #7 Liquid Drain Care, 1 mL, 100 mg/L WW Run#8 Liquid Drain Care, 5 mL, 100 mg/L WW
Hour TOC (mg/L) % Removed Hour TOC (mg/L) % Removed
0 407.9 0 0 3266 0
2 577.4 -41.55 2 4197 -28.51
4 651.3 -59.67 4 4376 -33.99
6 697.5 -71 6 3904 -19.53
12 n/a 0 12 4217 -29.1182
24 702.3 -72.17 24 4030 -23.39
 
Run #9 Liquid Drain Care, 10 mL, 100 mg/L WW Run# 10 E-1. 5.5 mL, 50 mg/L WW
Hour TOC (mg/L) %Removed Hour TOC (mg/L) %Removed
0 6458 0 0 66.18 0
2 6419 0.6 2 47.3 28.53
4 6558 -1.55 4 61.35 7.3
6 6458 0 6 38.9 41.22
12 5759 10.82 12 17.54 73.5
24 5626 12.88 24  
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%TOC Removed vs Time (hr)
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Run#8 Liquid Drain Care, 5 mL, 100 mg/L WW Run #9 Liquid Drain Care, 10 mL, 100 mg/L WW
Run# 10 E-1. 5.5 mL, 50 mg/L WW
 
 
Figure XXV. Comparison of %TOC Removed vs Time Across All Runs At  
                        
                        Various Conditions 
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Figure XXVI. Comparison of Enforcer Products. Ln(TOC) vs Time of various  
                          
                         dosage of Enforcer Products at 20 mg/L Carnation Breakfast  
                          
                         Essentials 
 
 
 
Table XLII. Calculated Values of Ln(TOC) for Enforcer Low, Medium, and  
 
                     High Doses 
 
Enforcer, Low Dosage (1 mL) Enforcer, Medium Dose (5.5 
mL) 
Enforcer, High Dosage (10 mL) 
Hour TOC Ln (TOC) Hour TOC Ln (TOC) Hour TOC Ln(TOC) 
0 349.2 5.88645 0 3172 8.06211 0 5219 8.56006 
2 450 6.10924 2 2747 7.91826 2 5326 8.58035 
4 528.2 6.26947 4 3366 8.12148 4 6310 8.74989 
6 401.8 5.99595 6 3165 8.05990 6 5770 8.66042 
12 227.9 5.42890 12 4368 8.38206 12 5812 8.66768 
24 307.4 5.72815 24 3113 8.04334 24 5645 8.63852 
 
 
  143 
 
 
 
Figure XXVII. Comparison of Yeast. Ln(TOC) vs Time of various  
                          
                          dosage of Yeast at 20 mg/L and 50 mg/L Carnation Breakfast  
                          
                          Essentials 
 
 
 
 
 
Table XLIII. Calculated Values of Ln(TOC) for Various Baker’s Yeast Doses (1  
 
                       mL and 5.5 mL) and Brewer’s Yeast Doses (1 mL and 10 mL) 
 
 
Baker's Yeast Dose (1 mL) Baker's Yeast Dose (5.5 mL) Brewer Yeast Dosae(1 mL) Brewer Yeast Dose (10 mL)
Hour TOC Ln (TOC) Hour TOC Ln(TOC) Hour TOC Ln (TOC) Hour High Ln(TOC)
0 44.31 3.79121 0 64.89 4.172694 0 301.6 5.709102 0 6221 8.735686
2 35.42 3.567277 2 46.87 3.847378 2 836.9 6.729705 2 5587 8.628198
4 34.39 3.537766 4 63.78 4.15544 4 N/a n/a 4 6309 8.749732
6 40.09 3.691127 6 58.78 4.073802 6 516.3 6.246688 6 6458 8.773075
12 34.22 3.53281 12 68 4.219508 12 529.3 6.271555 12 5999 8.699348
24 21 3.53281 24 46.4 3.837299 24 521.6 6.256901 24 6458 8.773075  
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Figure XXVIII. Comparison of LLMO. Ln(TOC) vs Time of various  
                          
                            LLMO at 50 mg/L Carnation Breakfast  
                          
                            Essential 
 
 
Table XLIV. Calculated Values of Various LLMO (E-1 and G-1) at medium  
 
                       dose (5.5 mL) and Carnation Breakfast Essentials (50 mg/L) 
 
G1 Dose (5.5 mL)
Hour TOC Ln(TOC) Hour TOC Ln(TOC)
0 66.18 4.192378 0 55.6 4.018183
2 47.3 3.85651 2 69.8 4.245634
4 61.35 4.116595 4 26.25 3.267666
6 38.9 3.660994 6 55.64 4.018902
12 17.54 2.864484 12 44.31 3.79121
24 10.88 2.386926 24 26.23 3.266904
E-1 Dose (5.5 mL)
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Figure XXIX. dS/dt of Baker Yeast vs Substrate. Removal of Carnation  Breakfast   
                           
                         Essentials Concentration (20, 50, 100, 150 ppm) at 24 hours 
 
 
Table XLV. Calculated Values of dS/dt for various Baker’s Yeast (5.5 mL) at  
                      
                       Various Applications of Carnation Breakfast Concentrations (20,  
 
                        50, 100, 150 ppm) 
 
Yeast, 
20 
ppm     
Yeast, 
50 
ppm     
Yeast, 
100 
ppm     
Yeast, 
150 
ppm     
Hour TOC dS/dt Hour TOC dS/dt Hour TOC dS/dt Hour TOC dS/dt 
0 44.31 0 0 64.89 0 0 108.2 0 0 185.6 0 
2 35.42 4.445 2 46.87 9.01 2 107.8 0.2 2 196.2 -5.3 
4 34.39 2.48 4 63.78 0.2775 4 118.9 -2.675 4 185.9 -0.075 
6 40.09 0.703333 6 58.78 1.018333 6 110.6 -0.4 6 181.5 0.683333 
12 34.22 0.840833 12 68 -0.25917 12 111.2 -0.25 12 200.1 -1.20833 
24 21 1.101667 24 46.4 1.8 24 82.92 2.356667 24 160.1 3.333333 
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Table XLVI. dS/dt values at 24 for various Baker’s Yeast (5.5 mL) at Various  
                        
                       Applications of Carnation Breakfast Concentrations (20, 50, 100,  
                        
                       150 ppm) 
 
Baker's Yeast 
Substrate dS/dt 
21 1.101667 
46.4 1.8 
82.92 2.356667 
160.1 3.333 
 
 
 
Figure XXX. 1/dS/dt of Enforcer vs Substrate. Removal by Enforcer Medium  
                             
                       Dose (5.5 mL, 10 mL) of Various Carnation Breakfast Essentials  
                        
                  (50, 100 ppm) at 24 hours 
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Table XLVII. Calculated Values of 1/(dS/dt) for various Enforcer Liquid Drain   
                       
                      (5.5 mL, 10 mL) at Various Applications of Carnation Breakfast   
                       
                      Concentrations (20, 50,100 ppm) 
 
 
Enforcer 
med dose 
(5.5 mL), 
20 ppm 
WW     
Enforcer 
med dose 
(5.5 mL), 
50 ppm 
WW     
Enforcer 
high dose 
(10 mL), 
100 ppm 
WW     
Hour TOC dS/dt Hour TOC dS/dt Hour TOC dS/dt 
0 3172 0 0 1594 0 0 3266 0 
2 2747 212.5 2 3718 -1062 2 4197 -465.5 
4 3366 -48.5 4 3488 -473.5 4 4376 -277.5 
6 3165 1.166667 6 1594 0 6 3904 -106.333 
12 4368 -99.6667 12 3698 -175.333 12 4217 -79.25 
24 3113 104.5833 24 3103 49.58333 24 4030 15.58333 
 
 
 
Table XLVIII. 1/(dS/dt) values at 24 for various Enforcer Liquid Drain Care (1,  
 
                       5.5, 10 mL) at Various Applications of Carnation Breakfast  
                        
                       Concentrations (20, 50, 100 ppm) 
 
Enforcer, medium (5.5 mL) 
Substrate 1/(dS/dt) 
3103 0.020168 
3113 0.009567 
4030 0.064172 
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Figure XXXI. 1/dS/dt of G1 vs Substrate. Removal by G1 of Various Carnation  
                          
                         Breakfast Essentials (50, 100, 150 ppm) at 12 and 24 hours 
 
                     
 
Table XLIX. Calculated Values of 1/(dS/dt) for various G1 (5.5 mL) at Various    
                        
                         Applications of Carnation Breakfast  Concentrations (50, 100, 150   
                        
                        ppm) 
 
G1, 50 
ppm     
G1, 100 
ppm     
G1, 150 
ppm 
  
  
Time Substrate dS/dt Time Substrate dS/dt Time Substrate dS/dt 
0 55.6 0 0 101.8 0 0 141 0 
2 69.8 -7.1 2 137.8 -18 2 136.7 2.15 
4 26.25 7.3375 4 145.2 -3.7 4 143 -0.5 
6 55.64 -0.00667 6 74.7 35.25 6 143.8 -0.46667 
12 44.31 0.940833 12 18.3 9.4 12 96.45 3.7125 
24 26.23 1.506667    24 88.52 0.660833 
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Table L. 1/(dS/dt) values at 24 for various G-1 (1, 5.5,  
                         
                          10 mL) at Various Applications of Carnation Breakfast    
                         
                          Concentrations (50, 100, 150 ppm) 
 
 
G1 (5.5 mL)   
Substrate dS/dt 
18.3 0.106383 
26.23 0.666667 
88.52 1.515152 
 
 
 
 
 
Figure XXXII. Ln(TOC) vs Time for G1 (5.5 mL) with Wastewater (50 mg/L) 
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Table LI. Calculated Values of Ln(TOC) for G1 (5.5 mL) at Carnation   
                           
                       Breakfast (100 mg/L) 
 
Hour TOC 
ln(TOC) 
0 55.6 4.018183 
2 69.8 4.245634 
4 26.25 3.267666 
6 55.64 4.018902 
12 44.31 3.79121 
24 26.23 3.266904 
 
 
 
 
Figure XXXIII. Ln(TOC) vs Time for Baker’s Yeast (5.5 mL) with Wastewater   
 
                            (50 mg/L) 
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Table LII. Calculated Values of Ln(TOC) for Baker’s Yeast (5.5 mL) at   
                           
                Carnation Breakfast (100 mg/L). 
 
Baker's 
Yeast 
(50 
ppm)     
Hour TOC Ln(TOC) 
0 64.89 4.172694 
2 46.87 3.847378 
4 63.78 4.15544 
6 58.78 4.073802 
12 68 4.219508 
24 46.4 3.837299 
 
 
 
 
 
 
Figure XXXIV. Ln(TOC) vs Time for Enforcer Drain Care (5.5 mL) with  
                           
                             Carnation Breakfast Essentials (50 mg/L) 
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Table LIII. Calculated Values of Ln(TOC) for Baker’s Yeast (5.5 mL) at   
                           
                 Carnation Breakfast (100 mg/L) 
 
Enforcer 
med dose 
(5.5 mL)     
Hour TOC ln(TOC) 
0 1594 7.374002 
2 3718 8.220941 
4 3488 8.157084 
6 1594 7.374002 
12 3698 8.215547 
24 3103 8.040125 
 
 
 
Table LIV.  Calculated Values of K for LLMO (G1), Baker’s Yeast, and  
  
                     Enforcer Liquid Drain Care at (5.5 mL) and 50 mg/L Carnation  
 
                     Breakfast Essentials. 
 
 
Substrate K 
G1 -0.0288 
Baker Yeast -0.0076 
Enforcer 0.0148 
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APPENDIX D 
 
 STEPS FOR SHIMADZU TOC 5050 ANALYZER OPERATION 
 
 
Turning On and Machine Operation 
 
1. Open the valve on the Compressed Air 
2. Turn on machine and printer. 
3. Push “F5” on machine to initialize. Wait until the screen has finished finding the 
home position 
4. Using key pad, hit “F1” to access “Main Menu.” 
5. Scroll down on keypad to #3 “General Conditions” and hit “Enter.” 
6. Scroll down to “Furnace (On/Off)” to make sure that #1 “TOC” is selected. 
7. Push “F2” to return to “Main Menu.” 
8. Select to Option 6 “Monitor” to see how the temperature. Do operate machine until 
temperature reaches 650 C. 
9. After temperature reaches 650 C, return to “Main Menu.” Select Option 9 “Auto 
Sample” and press “Enter.” 
10. Load samples into TOC analyzer. 
11. Ensure that the FS (final sample) is equivalent to the number of samples in the 
analyzer. 
12. Hit “F1” to go to the next screen. 
13. Repeat Step 12. 
14. Hit “Start” on Machine. 
 
Turning Off Machine 
 
1. Return to “Main Menu and select option 3 “General Conditions” and hit “Enter.” 
2. Scroll down to “Furnace (On/Off)” to make sure that #2 “Off is selected. 
3. Push “F2” to “Main Menu.” 
4. Select Option 6 “Monitor” to see the temperature. Do not turn off machine until 
temperature reaches 350 C. 
5. Close the valve on the Compressed Air. 
6. Return back to “Main Menu.” 
7. Turn off machine and printer. 
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